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LPOSOMES USEFUL FOR DRUG DELVERY 
TO THE BRAIN 

RELATED APPLICATION DATA 

This Application is a Continuation-In-Part of the U.S. 
patent application Ser. No. 11/121.294 filed on May 2, 2005, 
which is a nonprovisional application claiming benefit of 
priority of the U.S. Provisional Patent Application No. 
60/567,921 filed on May 3, 2004, both of which are incorpo 
rated herein by reference in their entirety for all purposes. 

FIELD OF THE INVENTION 

This invention relates generally to the field of liposomes, 
and more specifically to liposome compositions useful for 
delivery of therapeutic or diagnostic entities. 

BACKGROUND OF THE INVENTION 

Liposomes, or lipid bilayer vesicles, have been used or 
proposed for use in a variety of applications in research, 
industry, and medicine, particularly for the use as carriers of 
diagnostic or therapeutic compounds in vivo. See, for 
example: Lasic, D. Liposomes from physics to applications. 
Elsevier, Amsterdam, 1993. Lasic, D, and Papahadjopoulos, 
D., eds. Medical Applications of Liposomes. Elsevier, 
Amsterdam, 1998. Liposomes are usually characterized by 
having an interior space sequestered from an outer medium 
by a membrane of one or more bilayers forming a micro 
scopic sack, or vesicle. Bilayer membranes of liposomes are 
typically formed by lipids, i.e. amphiphilic molecules of syn 
thetic or natural origin that comprise spatially separated 
hydrophilic and hydrophobic domains. See Lasic D., 1993, 
Supra. Bilayer membranes of the liposomes can be also 
formed by amphiphilic polymers and Surfactants (poly 
merosomes, niosomes). A liposome typically serves as a car 
rier of an entity Such as, without limitation, a chemical com 
pound, a combination of compounds, a Supramolecular 
complex of a synthetic or natural origin, a genetic material, a 
living organism, a portion thereof, or a derivative thereof, that 
is capable of having a useful property or exerting a useful 
activity. For this purpose, the liposomes are prepared to con 
tain the desired entity in a liposome-incorporated form. The 
process of incorporation of a desired entity into a liposome is 
often referred to as “loading. The liposome-incorporated 
entity may be completely or partially located in the interior 
space of the liposome, within the bilayer membrane of the 
liposome, or associated with the exterior surface of the lipo 
Some membrane. The incorporation of entities into liposomes 
is also referred to as encapsulation or entrapment, and these 
three terms are used herein interchangingly with the same 
meaning. The intent of the liposomal encapsulation of an 
entity is often to protect the entity from the destructive envi 
ronment while providing the opportunity for the encapsulated 
entity to exert its activity mostly at the site or in the environ 
ment where Such activity is advantageous but less So in other 
sites where such activity may be useless or undesirable. This 
phenomenon is referred to as delivery. For example, a drug 
substance within the liposome can be protected from the 
destruction by enzymes in the body, but become released 
from the liposome and provide treatment at the site of disease. 

Ideally, such liposomes can be prepared to include the 
desired compound (i) with high loading efficiency, that is, 
high percent of encapsulated entity relative to the amount 
taken into the encapsulation process; (ii) high amount of 
encapsulated entity per unit of liposome bilayer material; (iii) 
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2 
at a high concentration of encapsulated entity, and (iv) in a 
stable form, i.e., with little release (leakage) of an encapsu 
lated entity upon storage or generally before the liposome 
appears at the site or in the environment where the liposome 
entrapped entity is expected to exert its intended activity. 

Therefore, there is a need in the art to provide various 
liposome compositions that are useful for delivery of a variety 
of compounds, especially therapeutic, diagnostic, or imaging 
entities. 

SUMMARY OF THE INVENTION 

The present invention is based on the discovery that sub 
stituted ammonium and polyanions are useful for loading and 
retaining entities inside liposomes. Accordingly the present 
invention provides methods and liposome compositions use 
ful for delivery of a variety of entities, especially therapeutic 
entities, that is, entities useful in the diagnosis, prognosis, 
testing, screening, treatment, or prevention of an undesirable 
condition, e.g., a disease, in living organism, Such as a human, 
a plant, or an animal. 

In one embodiment, the present invention provides a com 
position comprising a liposome in a medium, wherein the 
inside of the liposome contains a Substituted ammonium 

(I) 

wherein each of R. R. R. and R is independently a hydro 
gen or an organic group having, inclusively, in totality up to 
18 carbon atoms, wherein at least one of R. R. R. and R is 
an organic group, wherein the organic group is independently 
a hydrocarbon group having up to 8 carbon atoms, and is an 
alkyl, alkylidene, heterocyclic alkyl, cycloalkyl, aryl, alkenyl, 
or cycloalkenyl group or a hydroxy-Substituted derivative 
thereof, optionally including within its hydrocarbon chain a 
S.O. or Natoms, forming an ether, ester, thioether, amine, or 
amide bond, wherein at least three of R. R. R. and Ra are 
organic groups, or the Substituted ammonium is a sterically 
hindered ammonium, Such as, for example, where at least one 
of the organic groups has a secondary or tertiary carbonatom 
directly linked to the ammonium nitrogen atom. Preferably, 
the Substituted ammonium compound encapsulated into lipo 
Somes has a negative logarithm of the acidic (deprotonation) 
dissociation constant (pKa) of at least about 8.0, at least about 
8.5, at least about 9.0, at least 9.5, or at least 10.0, as deter 
mined in an aqueous solution at ambient temperature. 

In another embodiment, the present invention provides a 
composition comprising a liposome in a medium, wherein the 
inner space of the liposome contains a polyanion and wherein 
the polyanion is a polyanionized polyol or a polyanionized 
Sugar. The liposome preferably contains a transmembrane 
gradient capable of effecting the loading of an entity into the 
liposome. In one embodiment, the transmembrane gradient is 
a gradient of an ammonium, a quarternary ammomium, or a 
primary, secindary, or tertiary Substituted ammonium com 
pound having in a diluted aqueous Solution at ambient tem 
perature a negative logarithm of the acidic (deprotonation) 
dissociation constant (pKa) of at least about 8.0, at least about 
8.5, at least about 9.0, at least 9.5, or at least 10.0. The 
liposome optionally contains an entrapped entity, for 
example, a therapeutic, a detectable marker, or a globally 
cationic organic molecule. 
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In yet another embodiment, the composition provided by 
the present invention further comprises an entity encapsu 
lated in the liposomes of the present invention. Preferably, the 
entity is encapsulated within the inner space of the liposome. 
For example, the inner space of the liposome further com 
prises an anti-neoplastic therapeutic and wherein the toxicity 
level of the composition to a subject is at least equal to or less 
than the toxicity level of the anti-neoplastic therapeutic 
administered to the subject without the composition. 

In yet another embodiment, the composition provided by 
the present invention is a liposome composition comprising a 
camptothecin compound. The composition has an anticancer 
activity at least two times, four times, or ten times higher than 
the camptothecin compound similarly administered in the 
absence of the composition, while the toxicity of the compo 
sition does not exceed, is at least two times, or at least four 
times lower than the toxicity of the camptothecin compound 
similarly administered in the absence of the composition. In a 
one embodiment, the camptothecin compound is a pro-drug, 
and is contained in the liposome of at least 0.1 mg, at least 0.2 
mg, at least 0.3 mg, at least 0.5 mg, or at least 1 mg per 1 mg 
of the liposome membrane materials, e.g., lipids. The camp 
tothecin compound is preferably encapsulated in the lipo 
Some Substantially within the inner space of the liposome. In 
one instance, the camptothecincompound is irinotecan (CPT 
11). 

In yet another embodiment, the composition provided by 
the present invention is a liposome composition of a Vinca 
alkaloid or a derivative thereof. The composition has the 
24-hour drug retention within the liposome after 24 hours 
exposure in the blood of a mammal in vivo of at least 50%, at 
least 60%, or at least 70% of the original drug load. The vinca 
alkaloid or a derivative thereof is preferably encapsulated in 
the liposome substantially within the inner space of the lipo 
some. One example of the mammal is a rat. Exemplary Vinca 
alkaloids and derivatives are Vincristine, vinblastine, and 
vinorelbine. 

In still another embodiment, the present invention provides 
a method of encapsulating an entity into a liposome. The 
method comprises contacting the liposomes of the present 
invention with an entity, e.g., therapeutic or detectable entity. 
Preferably, the contacting is performed under the conditions 
when the concentration of substituted ammonium or a polya 
nion of the present invention in the medium is lower than that 
in the inner space of the liposomes. In one embodiment, the 
liposome composition is contacted with an entity in an aque 
ous medium. 

In still another embodiment, the present invention provides 
a method of encapsulating an entity into a liposome. The 
method comprises contacting the liposome-containing com 
position of the present invention with a pre-entity, wherein the 
pre-entity is capable of being converted to an entity under a 
condition, and providing the condition inside the liposome 
whereby converting the pre-entity to the entity inside the 
liposome. In one case, the entity is an organic compound, and 
the pre-entity is a basic derivative thereof. 

In still another embodiment, the present invention provides 
a kit for making liposome-encapsulated entities. The kitcom 
prises a container with a liposome of the present invention, 
and, optionally, a container containing an entity, and/or 
instructions for a user, e.g. to encapsulate an entity. 

In one embodiment, the invention provides a method for 
increasing the mean residence time of a camptothecin com 
pound in the brain tissue of a Subject, comprising (a) provid 
ing the camptothecin compound encapsulated in a liposome, 
and (b) administering the camptothecin compound-encapsu 
lating liposome via a conduit placed into the brain of the 
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Subject, wherein the mean residence time of said camptoth 
ecincompound in the brain is increased compared to the mean 
residence time of a camptothecin compound in a non-encap 
sulated form, when similarly administered in the brain via a 
conduit placed into the brain of the subject. 

In another embodiment, the invention provides a kit for 
providing an increased mean residence time of a camptoth 
ecincompound in the brain of a Subject, comprising any of the 
following: (a) the camptothecin compound encapsulated in a 
liposome; (b) a detectable marker; (c) a device comprising a 
conduit, for placement into the brain of the mammal; and (d) 
an instruction to administer said compound via said conduit 
placed into the brain of the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows blood pharmacokinetics of the liposome lipid 
(circles) and the drug (triangles) after i.V. bolus administra 
tion of CPT-11-loaded liposomes to a rat. The liposomes are 
loaded using TEA-Pn method (See Example 9). 

FIG. 2 shows the dynamics of drug-to-liposome lipid ratio 
in the blood of a ratin vivo following i.v. bolus administration 
of the liposome loaded with CPT-11 using TEA-Pn method 
(See Example 9). 

FIG. 3 shows antitumor efficacy of free CPT-11 and lipo 
somal CPT-11 against BT-474 human breast cancer 
Xenografts in nude mice. “Control” designates the mice 
treated with drug- and liposome-free vehicle only. (See 
Example 10). 

FIG. 4 shows the dynamics of the animals body weights 
during the treatment of BT-474 tumor-bearing nude mice 
with free CPT-11 or liposomal CPT-11. “Control” designates 
the mice treated with drug- and liposome-free vehicle only. 
(See Example 10). 

FIG. 5 shows the dynamics of drug-to-liposome lipid ratio 
in the blood of a ratin vivo following i.v. bolus administration 
of the liposome loaded with CPT-11 using TEA-SOS method. 
(See Example 14). 

FIG. 6 shows antitumor efficacy of free and liposomal 
CPT-11 against HT-29 human colon cancer xenografts in 
nude mice. The on-panel caption indicates the drug loading 
method and the administered dose per injection. "Saline con 
trol” designates the mice treated with drug- and liposome 
free vehicle only. (See Example 15). 

FIG. 7 shows the dynamics of the animals body weights 
during the treatment of HT-29 tumor-bearing nude mice with 
free or liposomal formulations of CPT-11. The error bars 
represent standard deviation of the data. “Saline control 
designates the mice treated with drug- and liposome-free 
vehicle only. (See Example 15). 

FIG. 8A shows blood pharmacokinetics of the liposome 
lipid after i.v. bolus administration of Topotecan-loaded lipo 
Somes to a rat. The on-panel caption indicates the drug load 
ing method and the drug content of the liposomes. (See 
Example 24). 

FIG. 8B shows the dynamics of drug-to-liposome lipid 
ratio in the blood of a rat in vivo following i.v. bolus admin 
istration of the liposomes loaded with Topotecan The on 
panel caption indicates the drug loading method and the drug 
content of the liposomes. (See Example 24). 

FIG.9 shows the in vitro cytotoxicity of free, liposomal, or 
HER2-targeted immunoliposomal Topotecan (TEA-Pn 
method) against SKBr-3 breast carcinoma cells. (See 
Example 27). 
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FIG. 10 shows the in vitro cytotoxicity of free, liposomal, 
or HER2-targeted immunoliposomal Topotecan (TEA-SOS 
method) against SKBr-3 breast carcinoma cells. (See 
Example 32). 

FIG. 11 shows antitumor efficacy of various Topotecari 
(TPT) formulations against BT-474 human breast cancer 
Xenografts in nude mice. "Saline control” designates the mice 
treated with drug- and liposome-free vehicle only. (See 
Example 29). 

FIG. 12 shows the dynamics of the animals' body weights 
during the treatment of BT-474 tumor-bearing nude mice 
with free Topotecan (TPT), liposomal Topotecan (LS-TPT), 
or anti-HER2 immunoliposomal Topotecan (F5 ILS-TPT). 
“Control” designates the mice treated with drug- and lipo 
some-free vehicle only. (See Example 29). 

FIG. 13A shows antitumor efficacy of Topotecan formula 
tions against BT-474 human breast cancer Xenografts in nude 
mice. Free Topotecan (Free TPT) or liposomal Topotecan 
(LS-TPT) were administered at one-eighth of their maximum 
tolerated doses. Error bars represent standard deviation of the 
data. “Control” designates the mice treated with drug- and 
liposome-free vehicle only. (See Example 31). 

FIG. 13B shows antitumor efficacy of Topotecan formula 
tions against BT-474 human breast cancer Xenografts in nude 
mice. Free Topotecan (Free TPT) or liposomal Topotecan 
(LS-TPT) were administered at one-fourth of their maximum 
tolerated doses. Error bars represent standard deviation of the 
data. “Control” designates the mice treated with drug- and 
liposome-free vehicle only. (See Example 31). 

FIG. 13C shows antitumor efficacy of Topotecan formula 
tions against BT-474 human breast cancer xenografts in nude 
mice. Free Topotecan (Free TPT) or liposomal Topotecan 
(LS-TPT) were administered at one-half of their maximum 
tolerated doses. Error bars represent standard deviation of the 
data. “Control” designates the mice treated with drug- and 
liposome-free vehicle only. (See Example 31). 
FIG.13D shows antitumor efficacy of Topotecan formula 

tions against BT-474 human breast cancer Xenografts in nude 
mice. Free Topotecan (Free TPT) or liposomal Topotecan 
(LS-TPT) were administered at their maximum tolerated 
doses. Error bars represent standard deviation of the data. 
“Control” designates the mice treated with drug- and lipo 
some-free vehicle only. (See Example 31). 

FIG. 14 shows the dynamics of the average body weights 
during the treatment of BT-474 tumor-bearing nude mice 
with free Topotecan (Free TPT) or liposomal Topotecan (LS 
TPT) administered at their maximum tolerated doses. “Con 
trol” designates the mice treated with drug- and liposome 
free vehicle only. (See Example 31). 

FIG. 15 shows the cytotoxicity of free 6-(3-aminopropyl)- 
ellipticine (Free AE), liposomal 6-(3-aminopropyl)-ellipti 
cine (LS-AE), or HER2-targeted immunoliposomal 6-(3-ami 
nopropyl)-ellipticine (F5 ILS-AE)) against BT-474 breast 
carcinoma cells in vitro. (See Example 35). 

FIG.16 shows the in vitro cytotoxicity of free 6-(3-amino 
propyl)-ellipticine (Free APE), liposomal 6-(3-aminopro 
pyl)-ellipticine (LS-APE), or EGFR-targeted immunoliposo 
mal 6-(3-aminopropyl)-ellipticine (C225-ILs-APE) against 
breast carcinoma cells with low (MCF-7) or high (MDA 
MB468) expression of EGF receptor. (See Example 36). 

FIG. 17 shows blood pharmacokinetic attributes of the 
liposomally formulated 6-(3-aminopropyl)ellipticine (APE): 
blood pharmacokinetics of the liposome lipid (Panel A, open 
circles), the drug (Panel A, filled circles), and the dynamics of 
drug-to-liposome lipid ratio (Panel B) after i.v. bolus admin 
istration of APE liposomes to a rat. (See Example 37). 
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FIG. 18 shows blood pharmacokinetic attributes of 

vinorelbine formulated into liposomes (LS-VRB), and anti 
HER2 immunoliposomes (F5-ILS-VRB): blood pharmacoki 
netics of the liposome lipid (Panel A), the drug (Panel B), and 
the dynamics of drug-to-liposome lipid ratio (Panel C) after 
i.V. bolus administration of vinorelbine liposomes to a rat. 
(See Example 43). 

FIG. 19 shows blood pharmacokinetics of the liposome 
lipid after i.v. bolus administration of vinorelbine-loaded 
liposomes to a rat. The liposomes are loaded using pre-en 
trapped triethylammonium dextransulfate (DS-TEA), ammo 
nium dextransulfate (DS-A), or ammonium sulfate (S-A). 
(See Example 44). 

FIG. 20 shows the dynamics of drug-to-liposome lipid 
ratio in the blood of a rat in vivo following i.v. bolus admin 
istration of the liposomes loaded with vinorelbine using pre 
entrapped triethylammonium dextransulfate (DS-TEA), 
ammonium dextransulfate (DS-A), or ammonium Sulfate 
(S-A). (See Example 44). 

FIG. 21 shows blood pharmacokinetics of the liposome 
lipid after i.v. bolus administration of vinorelbine-loaded 
liposomes to a rat. The liposomes are loaded using pre-en 
trapped triethylammonium sucroseoctasulfate (TEA-SOS) 
and have the mean size as indicated at the on-panel caption. 
(See Example 45). 

FIG. 22 shows the dynamics of drug-to-liposome lipid 
ratio in the blood of a rat in vivo following i.v. bolus admin 
istration of vinorelbine-loaded liposomes. The liposomes are 
loaded using pre-entrapped triethylammonium Sucrooctasul 
fate (TEA-SOS) and have the mean size as indicated at the 
on-panel caption. (See Example 45). 

FIG. 23 shows blood pharmacokinetics of the liposome 
lipid in a rat after i.v. bolus administration of vinorelbine 
formulated into liposomes (LS-VRB) or anti-HER2 immuno 
liposomes (F5-ILs-VRB) using TEA-SOS method. (See 
Example 46). 

FIG. 24 shows the dynamics of drug-to-liposome lipid 
ratio in the blood of a rat in vivo following i.v. bolus admin 
istration of vinorelbine formulated into liposomes (LS-VRB) 
or anti-HER2 immunoliposomes (F5-ILs-VRB) using TEA 
SOS method. (See Example 46). 

FIG. 25 shows the in vitro cytotoxicity of free vinorelbine 
(free VRB), liposomal vinorelbine (LS-VRB), or HER2-tar 
geted immunoliposomal vinorelbine (F5-Ils-VRB) against 
HER2-overexpressing human breast cancer cells MDA-MB 
453. (See Example 48). 

FIG. 26 shows the in vitro cytotoxicity of free vinorelbine 
(free VRB), liposomal vinorelbine (LS-VRB), or HER2-tar 
geted immunoliposomal vinorelbine (F5-Ils-VRB) against 
HER2-overexpressing Callu-3 human non-Small cell lung 
cancer cells. (See Example 49). 

FIG. 27 shows the in vitro cytotoxicity of free vinorelbine 
(free VRB), liposomal vinorelbine (Ls VRB/SOS-TEA), or 
HER2-targeted immunoliposomal vinorelbine (F5-ILs VRB/ 
SOS-TEA) against HER2-overexpressing human breast can 
cer cells SKBr-3. (See Example 50). 

FIG. 28 shows antitumor efficacy of the free vinorelbine 
(free VRB) or liposomal vinorelbine (LSVRB) against HT-29 
human colon cancer Xenografts in nude mice. "Saline' des 
ignates the mice treated with drug- and liposome-free vehicle 
only. Error bars represent standard deviation of the data. (See 
Example 51). 

FIG. 29 shows the dynamics of the average body weights 
during the treatment of HT-29 tumor-bearing nude mice with 
free vinorelbine (free VRB), liposomal vinorelbine (Ls 
VRB), or vehicle only (saline). Error bars represent standard 
deviation of the data. (See Example 51). 
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FIG. 30 shows antitumor efficacy of the free vinorelbine 
(free VRB) or liposomal vinorelbine (LSVRB) in a syngeneic 
C-26 murine coloncarcinoma model. The dose of the drug per 
injection was as indicated on the on-panel caption. Error bars 
represent standard deviation of the data. “Saline' designates 
the mice treated with drug- and liposome-free vehicle only. 
(See Example 52). 

FIG. 31 shows the dynamics of the average body weights 
during the treatment of mice bearing Syngeneic C-26 murine 
colon carcinoma tumors with various doses of free vinorel 
bine (free VRB), liposomal vinorelbine (LS VRB), or with 
vehicle only (saline). The dose of the drug perinjection was as 
indicated on the on-panel caption. (See Example 52). 

FIG. 32 shows antitumor efficacy of the free vinorelbine 
(Free drug) or schv F5-conjugated, anti-HER2 immunolipo 
somal vinorelbine prepared by a TEA-SOS method (F5-ILs 
VRBT EA-SOS), anti-HER2 immunoliposomal vinorelbine 
preparedy a TEA-Pn method (F5-ILs-VRBTEA-Pn) against 
HER2-overexpressing human breast carcinoma (BT-474) 
Xenografts in nude mice. "Saline control” designates the mice 
treated with drug- and liposome-free vehicle only. (See 
Example 53). 
FIG.33 shows the dynamics of the average body weights 

during the treatment of mice bearing HER2-overexpressing 
human breast carcinoma (BT-474) xenografts with free 
vinorelbine, scFv F5-conjugated, anti-HER2 immunoliposo 
mal vinorelbine prepared using a TEA-SOS method, anti 
HER2 immunoliposomal vinorelbine prepared by a TEA-Pn 
method, or with vehicle only. For explanation of the symbols, 
see the caption to FIG. 32. (See also Example 53). 

FIG. 34 shows antitumor efficacy of the free vinorelbine 
(Free drug) or schv F5-conjugated, anti-HER2 immunolipo 
Somal vinorelbine prepared using various amounts of PEG 
lipid against HER2-overexpressing human breast carcinoma 
(BT-474)xenografts in nude mice. The error bars are standard 
deviation of the data. “Vehicle control” designates the mice 
treated with drug- and liposome-free vehicle only. (See 
Example 54). 

FIG. 35 shows antitumor efficacy of the free vinorelbine 
(free NAV), liposomalvinorelbine (NAVLip), or FC225Fab'- 
conjugated, anti-EGFR-immunoliposomal vinorelbine 
(C225-NAV Lip) against EGFR-overexpressing human glio 
blastoma (U87) xenografts in nude mice. “Saline' designates 
the mice treated with drug- and liposome-free vehicle only. 
(See Example 55). 

FIG. 36 shows blood pharmacokinetics of the liposome 
lipid and the dynamics of the drug/liposome lipid ratio in the 
blood of a rat after i.v. bolus administration of doxorubicin 
formulated into liposomes using triethylammonium Sulfate 
method. (See Example 56). 

FIG. 37 shows antitumor efficacy of the liposomal doxo 
rubicin (LS-DOX), or schv F5-conjugated, anti-HER2 immu 
noliposomal doxorubicin (F5 ILS-DOX) prepared using Vari 
ous amounts of PEG-lipid against HER2-overexpressing 
human breast carcinoma (BT-474) Xenografts in nude mice. 
The on-panel caption shows the amount of PEG-lipid 
expressed in mol.% of liposome phospholipids. “Saline con 
trol” designates the mice treated with drug- and liposome 
free vehicle only. (See Example 57). 

FIG. 38 shows blood pharmacokinetics of liposomal vin 
blastine in a rat. (See Example 58). 

FIG. 39 shows the dynamics of the drug/liposome lipid 
ratio in the blood of a rat after i.v. bolus administration of 
liposomal vinblastine. (See Example 58). 

FIG. 40 shows the in vitro cytotoxicity of free Vincristine 
(Free VCR), liposomal Vincristine (LS-VCR), or HER2-tar 
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geted immunoliposomal Vincristine (F5-ILs-VCR) against 
HER2-overexpressing human breast cancer cells SKBr-3. 
(See Example 61). 

FIG. 41 shows blood pharmacokinetics of the liposome 
lipid in a rat after i.v. bolus administration of Vincristine 
formulated into liposomes of different average size (indicated 
on the on-panel caption). (See Example 62). 

FIG. 42 shows the dynamics of the drug/liposome lipid 
ratio in the blood of a rat after i.v. bolus administration of 
Vincristine formulated into liposomes of different average 
size (indicated on the on-panel caption). (See Example 62). 

FIG. 43 shows antitumor efficacy of the free Vincristine 
(free VCR), liposomal Vincristine prepared by triethylammo 
nium citrate method (LS-VCR Citrate), liposomal Vincristine 
prepared by triethylammonium Sucrooctasulfate method (LS 
VCR SOS), or scFv F5-conjugated, anti-HER2 immunolipo 
Somal Vincristine prepared by triethylammonium Sucroocta 
sulfate method (F5 ILs-VCR SOS) against HER2 
overexpressing human breast carcinoma (BT-474) Xenografts 
in nude mice. “Saline control” designates the mice treated 
with drug-and liposome-free vehicle only. (See Example 64). 

FIG. 44 shows the dynamics of the average body weights 
during the treatment of mice bearing HER2-overexpressing 
human breast carcinoma (BT-474) xenografts with free-vin 
cristine (free VCR), liposomal Vincristine prepared by tri 
ethylammonium citrate method (LS-VCR Citrate), liposomal 
Vincristine prepared by triethylammonium Sucrooctasulfate 
method (LS-VCR SOS), scFv F5-conjugated, anti-HER2 
immunoliposomal Vincristine prepared by triethylammo 
nium sucrooctasulfate method (F5 ILS-VCR SOS), or with 
vehicle only (saline control). (See Example 64). 

FIG. 45 shows antitumor efficacy of the free vincristine 
(Vincristine), liposomal Vincristine (nt-vcr), or C225 Fab'- 
conjugated, anti-EGFR immunoliposomal Vincristine (C225 
Vcr) against EGFRVIII-overexpressing human brain cancer 
(U87) xenografts in nude mice. “Saline designates the mice 
treated with drug- and liposome-free vehicle only. (See 
Example 65). 

FIG. 46 shows blood pharmacokinetics of CPT-11 and the 
dynamics of the percentage of CPT-11 present in the active 
(lactone) form in the blood of a rat after i.v. bolus adminis 
tration of liposomal CPT-11. (See Example 69). 

FIG. 47 shows blood pharmacokinetics of CPT-11 and the 
dynamics of the percentage of CPT-11 present in the active 
(lactone) form in the blood of a rat after i.v. bolus adminis 
tration of CPT-11 solution (free CPT-11). (See Example 69). 

FIG. 48. is a series of graphs depicting the results of the 
treatment efficacy of different formulations of topotecan in a 
U87 intracranial xenografted model or U251 intracranial 
xenografted tumor model. Effects of free topotecan or lipo 
somal topotecan administered with CED were evaluated 
using a U87 tumor model with CED infusions (20 ul) of 
fluorescent liposomes (n=7, dotted line), free topotecan (0.5 
mg/ml, n=7, dashed line), or liposomal topotecan (0.5 mg/ml 
topotecan, n=7, solid line) performed 7 days after tumor 
implantation (/3 of average lifespan) (A). Effect of liposomal 
topotecan on larger tumors was also assessed treating the 
same U87 model. Fluorescent liposome (n-6, dotted line) or 
liposomal topotecan (0.5 mg/ml topotecan, n-6, Solid line) 
were infused by CED 12 days after tumor implantation (B). 
Efficacy of topotecan liposome was also evaluated in U251 
intracranial xenografted tumor model by CED infusion of 
fluorescent liposome (n-6, dotted line) or liposomal topote 
can (0.5 mg/ml topotecan, n=6, solid line) were performed 14 
days after tumor implantation (/3 of average life span) (C). 

FIG. 49 is a series of graphs depicting the results of the 
treatment efficacy study in rats bearing orthotopic U87 
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tumors with single CED infusion of free or liposomal CPT 
11.5 d after tumor implantation within the brain (arrow), rats 
were treated with: a.) liposomal CPT-11 at 1.6 mg (80 
mg/ml), b.) liposomal CPT-11 at 0.8 mg (40 mg/ml), c.) 
liposomal CPT-11 at 10 g (3 mg/ml), d.) free CPT-11 at 60 ug 
(3 mg/ml), e.) liposomal DiCs(3) without encapsulated 
drug (empty liposomes). 8 animals per group. Median Sur 
vival for each group was: a.) >100 d.b.) 78 d. c.) 30 d.d.) 28.5 
d, e.) 19.5 d. 

FIG.50 in a half-tone reproduction depicting the distrubu 
tion of the liposomal fluorescent marker DiICs(3)-DS and of 
the MRI constrast agent co-infused by CED of a mixture 
containing liposomal Sulforhodamine-B and liposomal 
gadoteridol in the brain (left corona radiata) of a non-human 
primate. The fluorescent image (right) taken of the brain 
section post mortem illustrates distribution of the liposomal 
DiICs(3)-DS. The MR image (left) acquired following the 
CED administration, illustrates distribution of the liposomal 
gadoteridol. The Superimposed images (center) demonstrates 
nearly identical distribution patterns for the liposomes con 
taining fluorescent marker, as detected on the brain sections, 
and MRI-detectable marger, as detected by MRI imaging. 

FIG.51. Graphical representation of the treatment progress 
in a spontaneous canine brain tumor. The animal was treated 
by CED of a mixture of nanoliposomal CPT-11 (45 mg/ml 
CPT-11.HCl) and nanoliposomalgadoteridol (2.0 mM gadot 
eridol) as described in Example 81. Results are represented as 
tumor Volume vs. time course of treatment. MR images taken 
an various points in the course of treatment are presented in a 
series of half-tone panels A through F below, and correspond 
to the points A through Fas marked on the graph. Panels B, D, 
E were taken at the end of each CED delivery of the drug/ 
marker composition. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention relates in general to methods and 
liposome compositions useful for delivery a variety of enti 
ties, especially therapeutics and imaging agents. It is the 
discovery of the present invention that Substituted ammonium 
and polyanion are useful for loading and retaining the entities, 
e.g., compound, inside liposomes. Accordingly, the present 
invention provides liposome compositions and kits contain 
ing Substituted ammonium and/or polyanion and methods of 
making these liposome compositions. 

According to one feature of the present invention, it pro 
vides a composition of liposomes containing within its inner 
space one or more substituted ammonium compounds of a 
formula 

(I) 
R 

R-N-R 

R3 

wherein each of R. R. R., and R is independently a hydro 
gen or an organic group, and wherein at least one of R. R. 
R, and R is an organic group, such as, an alkyl, alkylidene, 
heterocyclic alkyl, cycloalkyl, aryl, alkenyl, or cycloalkenyl 
group, a hydroxy-Substituted derivative thereof, optionally 
including within its hydrocarbon chain a S, O, or N atoms, 
e.g., forming an ether (including an acetal or ketal), ester, 
sulfide (thioether), amine, or amide bond therein. If less than 
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three of R. R. R. and Rare organic groups, then, according 
to the invention, at least one, and preferably two, of the 
organic groups has a secondary or tertiary carbon atoms (i.e., 
carbon atoms having 2 or 3 carbon-carbon bonds, respec 
tively) directly linked to the ammonium nitrogen, i.e., the 
Substituted ammonium is a sterically hindered ammonium. 
Generally, the presence of titratable ammonium, Such as 
unsubstituted ammonium ion (NH), as well as primary and 
secondary straight chain alkylammonium ions in the inner 
space of the liposome of the present invention is known to 
provide for enhanced encapsulation of weak amphiphilic 
bases, for example, via a mechanism of “active”, “remote', or 
“transmembrane gradient-driven loading (Haran, et al., Bio 
chim. Biophys. Acta, 1993, v. 1152, p. 253–258; Maurer 
Spure, et al., Biochim. Biophys. Acta, 1999, v. 1416, p. 1-10). 
However these ammonia compounds possess hydrogen 
atoms that easily enter into reactions of nucleophilic Substi 
tution, and otherwise react chemically with the liposome 
entrapped entities, and therefore are capable of impairing the 
chemical integrity of the entitites during or after the liposome 
loading (entrapment) process. Thus, it is desirable for an 
entrapped substituted ammonium compound to be more 
chemically inert, lacking chemical functions which are 
unstable or readily reactive with the liposome components, 
that may include an encapsulated entity. Unexpectedly, we 
discovered that liposome compositions comprising within 
their inner space a Substituted tertiary and quaternary ammo 
nium that do not have a Substitutable hydrogen, or a sterically 
hindered primary or secondary ammonium, in which the 
access to an ammonium hydrogenatom is sterically hindered 
by a neighbor bulky organic group, such as having one or two 
secondary or tertiary carbon atoms linked to the ammonium 
nitrogen, show not only outstanding entity-loading capacity, 
but also improved stability of the liposome-entrapped entity, 
e.g., a drug, against premature release from the liposome in 
the living body. 

In one embodiment, the liposome-entrapped substituted 
ammonium compound is pharmaceutically inert, that is, does 
not elicit an adverse physiological response when adminis 
tered to a living Subject, e.g. a human oran animal, within an 
amount of the liposome membrane material that is sufficient 
to deliver an effective dose of the liposome-entrapped entity. 
In another embodiment, the substituted ammonium of the 
present invention has an acceptable level of toxicity to a 
subject. Usually an acceptable level of toxicity means that the 
toxic dose, e.g., a maximum tolerated dose (MTD), or a dose 
causing 50% lethality (LD50) of the substituted ammonium 
of the present invention is at least twice, at least four times, at 
least eight times, or at least ten times higher than the toxic 
dose of a liposome-entrapped entity, e.g., drug, loaded inside 
the liposomes of the present invention. For example, triethy 
lammonium Sulfate has an acceptable level of toxicity accord 
ing to the present invention since its LD50 is about 40 times 
higher than the LD50 of doxorubicin, an anti-cancer drug. 
The toxicity levels or physiological responses of substituted 
ammoniums, as well as of the entities of interest, if not 
already known, can be readily established via routine tech 
niques well known by persons skilled in the biomedical art. 
See, for example, S. C. Gad. Drug Safety Evaluation, Wiley, 
New York, 2002. One method of quantifying the toxicity of 
free and/or liposomally formulated drug is described in 
Example 16 herein. 

In one preferred embodiment, the Substituting organic 
groups among R. R. R. or R are of the size and physico 
chemical properties sufficient to ensure that the substituted 
ammonium forms in aqueous environment Substantially a 
true (molecular) solution, but not micelles, bilayers, or simi 
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lar self-assembled structures. Therefore, the substituted 
ammonium of the present invention preferably has little or 
substantially no distribution into the bilayer portion of lipo 
Somes, therefore minimizing the risk of destabilization, Solu 
bilization, or permeabilization of the liposomes entrapping 
the Substituted ammonium. 

The organic group of the Substituted ammonium is typi 
cally a hydrocarbon containing, inclusively, up to 8 carbon 
atoms, up to 6 carbon atoms, or up to 4 carbon atoms, and in 
totality, the Substituting groups contain, inclusively, up to 18, 
up to 16, up to 12, or up to 9 carbon atoms. These Substituting 
hydrocarbon groups include any combination of interlinked 
primary, secondary, or tertiary carbon atoms, as well as 
cycloalkyl groups being linked at their termini directly to the 
ammonium nitrogen to form a heterocycle, or to a carbon 
atom of an ammonium hydrogen-substituting group. These 
Substituted alkyl groups can also include heteroatoms, e.g., 
oxygen, nitrogen, or Sulfur in their carbon chains forming a 
functional group, e.g., ether, acetal, amine, or Sulfide group, 
as well as forming a functional group, e.g., hydroxyl group, 
linked to the alkyl carbon chain. Examples of the organic 
group of the present invention include, without any limita 
tion, alkyls, alkylidenes, heterocyclic alkyls, cycloalkyls, 
aryls, alkenyls, cycloalkenyls, or hydroxy-Substituted deriva 
tives thereof, e.g., a hydroxy-Substituted alkylidene forming a 
ring inclusive of N in the substituted ammonium. 

In another embodiment, the Substituted ammonium is: a 
heterocyclic ammonium, i.e. an ammonium wherein at least 
two of R. R. R. or R form a ring; a sterically hindered 
primary ammonium; or a sterically hindered secondary 
ammonium. In general, a sterically hindered primary or sec 
ondary ammonium includes any substituted ammonium with 
one or two of the R. R. R. and Ra substituted with alkyl 
groups that Sterically crowd the molecule, e.g., any Substi 
tuted ammonium with one or two of the R. R. R. and R. 
Substituted with one or two cycloalkyl groups or alkyl groups 
having at least one secondary or tertiary alkyl carbon atom 
linked to the nitrogen of the Substituted ammonium. 
Examples of Such heterocyclic, sterically hindered primary 
ammoniums, and sterically hindered secondary ammonium 
include, without any limitation, isopropylethylammonium, 
isopropylmethylammonium, diisopropylammonium, tert-bu 
tylethylammonium, dicychohexylammonium, protonized 
forms of morpholine, pyridine, piperidine, pyrrolidine, pip 
erazine, tert-bullylamine, 2-amino-2-methylpropanol-1,2- 
amino-2-methyl-propandiol-1,3, and tris-(hydroxyethyl)- 
aminomethane. These Substituted ammonium compounds are 
generally commercially available in the form of various salts, 
or are readily prepared from their corresponding amines by 
neutralization with acids. 

In yet another embodiment, the Substituted ammonium is a 
tertiary or quaternary ammonium including, without any 
limitation, trimethylammonium, triethylammonium, tributy 
lammonium, diethylmethylammonium, diisopropylethylam 
monium, triisopropylammonium, N-methylmorpholinium, 
N-hydroxyethylpiperidinium, N-methylpyrrolidinium, and 
N,N'-dimethylpiperazinium, tetramethylammonium, tetra 
ethylammonium, and tetrabutylammonium. These Substi 
tuted ammonium compounds are generally commercially 
available in the form of various salts, or are readily prepared 
from their corresponding amines by neutralization with acids. 

In yet another embodiment, the Substituted ammonium 
compound according to the invention is a globally cationic 
compound, that is, under the conditions of the entity encap 
Sulation, typically, in aqueous solution at a pH between about 
pH 2 and about pH 8, bears net positive charge, e.g. as a result 
of ionization (protonation) of the nitrogen atom. 
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12 
In yet another embodiment, the Substituted primary, sec 

ondary, or tertiary ammonium compound encapsulated into 
liposomes has a negative logarithm of the acidic (deprotona 
tion) dissociation constant (pKa) of at least about 8.0, at least 
about 8.5, at least about 9.0, at least 9.5, or at least about 10.0, 
as determined in a diluted aqueous Solution at ambient tem 
perature (typically 25°C.). Parameter pKa is a well known 
characteristic of ammonium compounds that generally char 
acterizes the strength of their basic properties, and methods 
for pKa determination are conventional and routine in the art. 
The pKa values for many amines and their protonated forms 
(ammoniums) are tabulated in reference books of chemistry 
and pharmacology. See, for example, IUPAC Handbook of 
Pharmaceutical Salts, ed. by P. H. Stahl and C. G. Wermuth, 
Wiley-VCH, 2002: CRC Handbook of Chemistry and Phys 
ics, 82nd Edition, ed. by D. R. Lide, CRC Press, Florida, 
2001, p. 8-44 to 8-56. Generally, higher pKa characterizes 
stronger bases. Exemplary Substituted ammonium com 
pounds, as well as unsubstituted ammonium (listed as their 
conjugated amine bases) have the following pKa values: pyr 
rolidine, 11.31; piperidine, 11.12; diisopropylamine, 11.05; 
diethylamine, 10.93; triethylamime, 10.75; dimethylamine, 
10.73; tert-butylamine, 10.68; cyclohexylamine, 10.66: 
methylamine, 10.66; ethylamine, 10.65; propylamine, 10.54; 
Isopropylamine, 10.53; N-ethylpiperidine, 10.45; dicyclo 
hexylamine, 10.4: N-methylpiperidine, 10.38; diethylmethy 
lamine, 10.35; dimethylpropylamine, 10.15; trimethylamine, 
9.8; piperazine, 9.73 (I), 5.33 (11): 2-amino-2-methylpro 
panol, 9.69; N,N'-dimethylpiperazine, 9.66 (I), 5.2 (II): 
diethyl-(2-hydroxyethyl)amine, 9.58; ethanolamine, 9.5; 
N-hyrdoxyethylpyrrolidine, 9.44; diethanolamine, 9.28; 
ammonia, 9.27; dimethyl-(2-hydroxyethyl)amine, 8.83; 
2-amino-2-methylpropanediol-1,3, 8.8; morpholine, 8.5; 
tris-(hydroxymethyl)-aminomethane, 8.3, N-methylglucam 
ine, 8.03; triethanolamine, 7.76; N-ethylmorpholine, 7.67; 
N-hydroxyethylmorpholine, 7.39; imidazole, 7.03; pyridine, 
5.23. As a rule, substitution of alkyl or cycloalkyl group for a 
hydrogen in an ammonium compound increases pKa value. 
Notably, multiple hydroxyl or ether functions in the substi 
tuting alkyl groups, or the presence of aromaticity in a nitro 
gen-containing heterocyclic group reduce pKa value relative 
to similar substituted ammonia without hydroxyl or ether 
functions. The compounds with more than one ammonium 
group usually have pKa of the second and Subsequent ammo 
nium group much lower than of the first one. We unexpectedly 
discovered that Substituted ammonia with higher pKa values, 
that is, formed by more strongly basic amines, were more 
effective than those formed from weakeramines instabilizing 
the drug inside liposomes. For example, both IHP and SOS 
salts of triethylammonium (pKa=10.75) were notably more 
effective than corresponding salts of triethanolammonium 
(pKa=7.76) in stabilizing irinotecan within the liposomes in 
vivo (Example 73). 
The Substituted ammonium contained in the liposome 

composition of the present invention can be in any Suitable 
form, e.g., salt. Suitable salts include pharmaceutically 
acceptable salts. See, for example, P. H. Stahl, C. G. Wermuth 
(eds), Handbook of Pharmaceutical Salts, Wiley-VCH, 
Weinheim, 2002. In one embodiment, the substituted ammo 
nium is a salt containing one or more polyanions of the 
present invention. Optimally the counter-ion (anion) in the 
Substituted ammonium salt of the present invention renders 
the salt water soluble, is pharmaceutically inert, capable of 
forming precipitates or gels when in contact with a therapeu 
tic or detectable entity, and/or is less permeable through the 
liposome membrane than the Substituted ammonium or its 
non-dissociated amine form. In general, the Substituted 
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ammonium salt of the present invention forms a true Solution 
in the intraliposomal, e.g. aqueous, space, and does not form 
a significant amount of a condensed phase such as micelle, 
bilayer, gel, or crystalline phase. The relative amount of a 
Substituted ammonium and a salt-forming anion, e.g., polya 
nion, is at or near the point of stiochiometric equivalency, and 
typically has the pH on the range of 3-9, more often, pH 4-8, 
dependent, for example, on the dissociation constant of the 
conjugated base of the Substituted ammonium ion. 

In general, the Substituted ammonium is contained inside, 
that is, in the inner (interior) space of the liposomes of the 
present invention. In one embodiment, the Substituted ammo 
nium is partially or substantially completely removed from 
the outer medium Surrounding the liposomes. Such removal 
can be accomplished by any Suitable means known to one 
skilled in the art, e.g., dilution, ion exchange chromatography, 
size exclusion chromatography, dialysis, ultrafiltration, pre 
cipitation, etc. 

According to another feature of the present invention, it 
provides a composition of liposomes containing a polyanion. 
The polyanion of the present invention can be any Suitable 
chemical entity with more than one negatively charged 
groups resulting in net negative ionic charge of more than two 
units within the liposome interior, e.g., aqueous, space. The 
polyanion of the present invention can be a divalent anion, a 
trivalent anion, a polyvalent anion, a polymeric polyvalent 
anion, a polyanionized polyol, or a polyanionized Sugar. Sul 
fate, phosphate, pyrophosphate, tartrate. Succinate, maleate, 
borate, and citrate are, without limitation, the examples of 
Such di- and trivalent anions. In one preferred embodiment, 
the polyanion of the present invention is a polyanionic poly 
mer, having an organic (carbon) or inorganic backbone, and a 
plurality of anionic functional groups, i.e functional groups 
ionizable to a negative charge in a neutral aqueous solution, 
and integrated or appended to the backbone. A polymer is a 
natural or synthetic compound, usually of high molecular 
weight, consisting of repeated linked units, each a relatively 
light and simple molecule. Exemplary polyanionic polymers 
are polyphosphate, polyvinylsulfate, polyvinylsulfonate, 
anionized polyacrylic polymers, anionized, e.g., polysul 
fonated polyamines. Such as polysulfonated poly(ethylene 
imine); polysulfated, polycarboxylated, or polyphosphory 
lated polysaccharides; acidic polyaminoacids; polynucle 
otides; other polyphosphorylated, polysulfated, polysul 
fonated, polyborated, or polycarboxylated polymers. Such 
polyvalent anions and polymers are well known in the art and 
many are commercially available. A polymeric anion of the 
present invention is preferably a biodegradable one, that is, 
capable of breaking down to non-toxic units within the living 
organism. Exemplary biodegradable polymericanion is poly 
phosphate. 

In another preferred embodiment, the polyanion is a polya 
nionized polyol or a polyanionized Sugar. A polyol is an 
organic molecule having a plurality of hydroxyl groups 
linked to, e.g., linear, branched, or cyclic, carbon backbone. 
Thus, a polyol can be characterized in other terms as a poly 
hydroxylated compound. Preferably, a majority of carbon 
atoms in a polyol are hydroxylated. Polyols (polyatomic alco 
hols) are molecules well known in the art. Both straight chain 
(linear or branched) and cyclic polyols can be used. Exem 
plary polyols of the present invention are, without limitation: 
ethyleneglycol, glycerol, treitol, erythritol, pentaerythritol, 
mannitol, glucitol, Sorbitol, Sorbitan, Xylitol, lactitol, malti 
tol, fructitol, and inositol. A Sugar usually comprises a cyclic 
acetal, a cyclic ketal, a ketone, or an aldehyde group, or an 
adduct thereof, within a group of interlinked predominantly 
hydroxylated carbon atoms. Sugars are often naturally occur 
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14 
ring compounds. Hydrolysis of Sugars in aqueous medium 
leads to units called monosaccharides. Typically, in an aque 
ous solution a monosaccharide Sugar molecule of five or six 
carbon atoms forms a cyclic hemiacetal, a ring structure. 
Preferably, Sugars of the present inventions are monosaccha 
rides or disaccharides, that is, consist of one or two monosac 
charide units, each having from three to seven, preferably 
from three to six carbon atoms. Exemplary Sugars of the 
present invention are, without limitation, monosacharide hex 
oses, such as glucose (dextrose), galactose, mannose, fruc 
tose; monosaccharide pentoses, such as Xylose, ribose, ara 
binose, and disaccharides, such as lactose, trehalose, Sucrose, 
maltose, and cellobiose. Compounds comprised of several 
interlinked Sugar units forming a ring (cyclodextrins) and 
their derivatives can be also used. Reduction of Sugars is one 
method to obtain polyols. More stable “non-reducing and 
non-metabolizable disaccharides, such as Sucrose or treha 
lose, are preferred. Various polyols, monosaccharides, and 
disaccharides are commercially available. 
A polyanionized polyol or Sugar is a polyol or a Sugar 

having its hydroxyl groups completely or partially modified 
or replaced with anionic groups (anionized). Thus, a polyan 
ionized polyol or polyanionized Sugar comprises a polyol 
moiety or a Sugar moiety along with anionic groups linked 
thereto. Exemplary anionic groups include, without any limi 
tation, carboxylate, carbonate, thiocarbonate, dithiocarbon 
ate, phosphate, phosphonate, Sulfate, Sulfonate, nitrate, and 
borate. It is preferred that at least one anionic group of a 
polyanionized Sugar or polyol is strongly anionic group, that 
is, is more than 50% ionized in the broad range of pH, e.g., pH 
3-12, preferably, pH 2-12, when in the aqueous medium, or, 
alternatively, has a log dissociation constant (pK) of 3 or less, 
preferably of 2 or less. Polyanionization of a polyolora Sugar 
can be achieved by a variety of chemical processes well 
known in the art. For example, reaction of polyols and/or 
Sugars with Sulfur trioxide or chlorosulfonic acid in pyridine 
or 2-picoline results in some or all hydroxyl groups esterified 
with Sulfuric acid residues (sulfated), providing for a polysul 
fated Sugar or polyol. Exemplary Sulfated Sugar of the present 
invention is Sulfated Sucrose including, without limitation, 
Sucrose hexasulfate. Sucrose heptasulfate, and Sucrose octa 
sulfate (See Ochi. K., et al., 1980, Chem. Pharm. Bull., v. 28, 
p. 638-641). Similarly, reaction with phosphorus oxychloride 
or diethylchlorophosphate in the presence of base catalyst 
results in polyphosphorylated polyols or Sugars. Polyphos 
phorylated polyols are also isolated from natural sources. For 
example, inositol polyphosphates, such as inositol hexaphos 
phate (phytic acid) is isolated from corn. A variety of sulfated, 
Sulfonated, and phosphorylated Sugars and polyols suitable to 
practice the present invention are disclosed, e.g., in U.S. Pat. 
No. 5,783,568 and U.S. Pat. No. 5,281.237, which are incor 
porated herein by reference. It was unexpectedly discovered 
that polyanionised polyhydroxylated compounds with only 
strong acid dissociation steps, e.g. the groups having pKa of 
less than about 3.0, preferably less than about 2.0, such as, for 
example, Sulfate monoesters (pKa 1.0 or less), provide lipo 
Somal encapsulation with better drug retention than polyan 
ionized polyhydroxylated compounds having also weakly 
acidic dissociation steps, such as phosphate monoesters (step 
1, pKa about 1.5; step 2, pKa about 6.7; see Stahl and Wer 
muth, Op. cit., 2002). Example 73 below illustrates this dis 
covery. Complexation of polyols and/or Sugars with more 
than one molecule of boric acid also results inapolyanionized 
(polyborated) product. Reaction of polyols and/or Sugars 
with carbon disulfide in the presence of alkali results in polya 
nionized (polydithiocarbonated, polyxanthogenate) deriva 
tives. A polyanionized polyol or Sugar derivative can be iso 
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lated in the form of a free acid and neutralized with a suitable 
base, for example, with an alkali metal hydroxide, ammo 
nium hydroxide, or preferably with a Substituted amine, e.g., 
amine corresponding to a Substituted ammonium of the 
present invention, in a neat form or in the form of a substituted 
ammonium hydroxide providing for a polyanionic salt of a 
Substituted ammonium of the present invention. Alterna 
tively, a Sodium, potassium, calcium, barium, or magnesium 
salt of a polyanionized polyol/Sugar can be isolated and con 
Verted into a suitable form, e.g., a Substituted ammonium salt 
form, by any known method, for example, by ion exchange. 
The polyanion of the present invention usually has a charge 

density of at least two, three, or four negatively charged 
groups per unit, e.g., per carbonatom or ring in a carbon chain 
or per monosaccharide unit in a Sugar. The polyanionized 
Sugar or cyclic polyol of the present invention preferably has 
at least 75% of available hydroxyl groups polyanionized, and 
more preferably 100% of available hydroxyl groups polyan 
ionized. In addition, polyanionization inside the liposomes of 
the present invention is usually at a level that is compatible 
with or facilitates the delivery and release of the entity 
entrapped inside the liposomes at the site of its intended 
action, but decreases the release of the entrapped entity pre 
maturely, i.e., before the liposome reaches its site of intended 
action. 

According to the present invention, the degree of polyan 
ionization inside the liposomes can be used to regulate the 
release characteristics, e.g., release rate and kinetics of an 
entity entrapped inside the liposomes. In general, the degree 
of polyanionization can be assessed based on the amount of 
polyanionized Sugar or polyol relative to the total amount of 
anion(s) or in the case of polyanion being the only kind of 
anion, the percentage of polyanionization with respect to the 
total polyanionization capacity of the polyanion, e.g., polya 
nionized Sugar or polyol or a mixture thereof inside the lipo 
Somes of the present invention. In one embodiment, polyan 
ionized Sugar or polyol is mixed with one or more of other 
anions and the less the amount of polyanionized Sugar or 
polyol over the amount of other anion(s), the faster the entity 
is released from the liposomes. 

Usually if an entrapped entity is released from the lipo 
somes at the site of its intended activity too slowly, the desired 
entity release rate can be achieved by using a mixture of 
polyanionized Sugar or polyol with one or more other 
monovalent or polyvalent anions, e.g., chloride, Sulfate, phos 
phate, etc. Alternatively, one can use mixtures of polyanion 
ized Sugar or polyols with various degrees of polyanioniza 
tion. In one embodiment, the degree of polyanionization 
inside the liposomes of the present invention is between 0.1% 
to 99%, 10% to 90%, or 20% to 80% of the total anion(s) 
inside the liposomes, e.g., with an entrapped entity. 

In general, the liposome composition of the present inven 
tion can contain one or more polyanions of the present inven 
tion in any suitable form, e.g., in the form of an acid or a salt 
comprising a polyanion and a cation. The amount of polyan 
ion, e.g., polyanionized Sugar or polyol can be stoichiometri 
cally equivalent to or different from the amount of the cation. 
In one embodiment, the liposome composition of the present 
invention contains one or more polyanion salts of a cation, 
wherein there is a cation concentration gradient or a pH 
gradient present across the liposome membrane. In another 
embodiment, the liposome composition of the present inven 
tion contains one or more Substituted ammonium polyanion 
salts of the present invention. In yet another embodiment, the 
liposome composition of the present invention contains the 
polyanion inside the liposomes while the polyanion in the 
medium containing the liposomes is partially or Substantially 
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removed by any suitable means known to one skilled in the 
art, e.g., dilution, ion exchange chromatography, size exclu 
sion chromatography, dialysis, ultrafiltration, absorption, 
precipitation, etc. In still another embodiment, the liposome 
with entrapped polyanion, e.g., polyanionized polyol or 
polyanionized Sugar, has also a transmembrane gradient 
effective in retaining Substances within the liposome. 
Examples of Such transmembrane gradients are pH gradient, 
electrochemical potential gradient, ammonium ion gradient, 
Substituted ammonium ion gradient, or Solubility gradient. A 
Substituted ammonium gradient typically includes a Substi 
tuted form of ammonium ion comprising at least one C N 
bond, such as, primary, quaternary, tertiary, or quaternary 
ammonium. Methods of creating transmembrane gradients 
are routine in the art of liposomes. 

According to yet another feature of the present invention, 
the liposome composition of the present invention contains 
one or more Substituted ammoniums and/or polyanions of the 
present invention and a chemical or biological entity, e.g., 
therapeutics or detectable entity. For example, the entity con 
tained in the liposome composition of the present invention 
can be a therapeutic agent, ink, dye, magnetic compound, 
fertilizer, lure, biocatalyst, taste or odor modifying Substance, 
bleach, or any entity that is detectable by any suitable means 
known in the art, e.g., magnetic resonance imaging (MRI), 
optical imaging, fluorescent/luminescent imaging, or nuclear 
imaging techniques. Conveniently, an entity contained in or 
loadable to the liposome composition of the present invention 
is a weakly basic and membrane-permeable (lipophilic) 
entity, e.g., an amine-containing or nitrogen base entity. 

In one embodiment, the entity contained in the liposome 
composition of the present invention is a therapeutic agent. 

In another embodiment, the entity contained in the lipo 
Some composition is an anticancer entity. A partial listing of 
Some of the commonly known commercially approved (or in 
active development) antineoplastic agents by classification is 
as follows. 

Structure-Based Classes: Fluoropyrimidines—5-FU, 
Fluorodeoxyuridine, Ftorafur, 5'-deoxyfluorouridine, UFT, 
S-1 Capecitabine; pyrimidine Nucleosides—Deoxycytidine, 
Cytosine Arabinoside, 5-AZacytosine, Gemcitabine, 5-AZa 
cytosine-Arabinoside; Purines—6-Mercaptopurine, 
Thioguanine, Azathioprine, Allopurinol, Cladribine, Flu 
darabine, Pentostatin, 2-Chloro Adenosine; Platinum Ana 
logues—Cisplatin, Carboplatin, Oxaliplatin, Tetraplatin, 
Platinum-DACH, Ormaplatin, CI-973, JM-216: Anthracy 
clines/Anthracenediones—Doxorubicin, Daunorubicin, Epi 
rubicin, Idarubicin, Mitoxantrone: Epipodophyllotoxins— 
Etoposide, Teniposide; Camptothecins—Irinotecan, 
Topotecan, Lurtotecan, Silatecan, 9-Amino Camptothecin, 
10, 11-Methylenedioxy Camptothecin, 9-Nitro Camptoth 
ecin, TAS 103, 7-(4-methyl-piperazino-methylene)-10.11 
ethylenedioxy-20(S)-camptothecin, 7-(2-N-isopropylamino) 
ethyl)-20(S)-camptothecin; Hormones and Hormonal 
Analogues—Diethylstilbestrol, Tamoxifen, Toremefine, Tol 
mudex, Thymitaq, Flutamide, Bicalutamide, Finasteride, 
Estradiol, Trioxifene, Droloxifene, Medroxyprogesterone 
Acetate, Megesterol Acetate, Aminoglutethimide, Testolac 
tone and others; Enzymes, Proteins and Antibodies—Aspara 
ginase, Interleukins, Interferons, Leuprolide, Pegaspargase, 
and others; Vinca Alkaloids Vincristine, Vinblastine, 
Vinorelbine, Vindesine; Taxanes—Paclitaxel, Docetaxel. 

Mechanism-Based Classes: Antihormonals—See classifi 
cation for Hormones and Hormonal Analogues, Anastrozole; 
Antifolates—Methotrexate, Aminopterin, Trimetrexate, Tri 
methoprim, Pyritrexim, Pyrimethamine, Edatrexate, 
MDAM; Antimicrotubule Agents Taxanes and Vinca Alka 
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loids; Alkylating Agents (Classical and Non-Classical)—Ni 
trogen Mustards (Mechlorethamine, Chlorambucil, Mel 
phalan, Uracil Mustard), Oxazaphosphorines (Ifosfamide, 
Cyclophosphamide, Perfosfamide, Trophosphamide), Alkyl 
Sulfonates (BuSulfan), Nitrosoureas (Carmustine, Lomustine, 
Streptozocin). Thiotepa, Dacarbazine and others; Antime 
tabolites—Purines, pyrimidines and nucleosides, listed 
above; Antibiotics—Anthracyclines/Anthracenediones, 
Bleomycin, Dactinomycin, Mitomycin, Plicamycin, Pen 
to statin, Streptozocin, topoisomerase Inhibitors—Camptoth 
ecins (Topo I), Epipodophyllotoxins, m-AMSA, Ellipticines 
(Topo II); Antivirals—AZT, Zalcitabine, Gemcitabine, 
Didanosine, and others; Miscellaneous Cytotoxic Agents— 
Hydroxyurea, Mitotane, Fusion Toxins, PZA, Bryostatin, 
Retinoids, Butyric Acid and derivatives, Pentosan, Fumagil 
lin, and others. 

In addition to the above, an anticancer entity include with 
out any limitation, any topoisomerase inhibitor, Vinca alka 
loid, e.g., Vincristine, vinblastine, Vinorelbine, Vinflunine, 
and vinpocetine, microtubule depolymerizing or destabiliz 
ing agent, microtubule stabilizing agent, e.g., taxane, ami 
noalkyl or aminoacyl analog of paclitaxel or docetaxel, e.g., 
2'-3-(N,N-Diethylamino)propionylpaclitaxel, 7-(N.N- 
Dimethylglycyl)paclitaxel, and 7-L-alanylpaclitaxel, alkylat 
ing agent, receptor-binding agent, tyrosine kinase inhibitor, 
phosphatase inhibitor, cycline dependent kinase inhibitor, 
enzyme inhibitor, aurora kinase inhibitor, nucleotide, 
polynicleotide, and famesyltransferase inhibitor. 

In another embodiment, the entity contained in the lipo 
Some composition of the present invention is a therapeutic 
agent of anthracycline compounds or derivatives, camptoth 
ecine compounds or derivatives, ellipticine compounds or 
derivatives, Vinca alkaloinds or derivatives, wortmannin, its 
analogs and derivatives, or pyrazolopyrimidine compounds 
with the aurora kinase inhibiting properties. 

In yet another embodiment, the entity contained in the 
liposome composition of the present invention is an anthra 
cycline drug, doxorubicin, daunorubicin, mitomycin C, epi 
rubicin, pirarubicin, rubidomycin, carcinomycin, N-acety 
ladriamycin, rubidazone, 5-imidodaunomycin, 
N-acetyldaunomycine, daunoryline, mitoxanthrone; a camp 
tothecin compound, camptothecin, 9-aminocamptothecin, 
7-ethylcamptothecin, 10-hydroxycamptothecin, 9-nitro 
camptothecin, 10.11-methyl enedioxyc amptothecin, 
9-amino-10, 11-methylenedioxycamptothecin, 9-chloro-10, 
11-methylenedioxycamptothecin, irinotecan, topotecan, lur 
totecan, silatecan, (7-(4-methylpiperazinomethylene)-10, 11 
ethylenedioxy-20(S)-camptothecin, 7-(4- 
methylpiperazinomethylene)-10, 11-methylenedioxy-20(S)- 
camptothecin, 7-(2-N-isopropylamino)ethyl)-(20S)- 
camptothecin, an ellipticine compound, ellipticine, 6-3- 
aminopropyl-ellipticine, 2-diethylaminoethyl-ellipticinium 
and salts thereof, datelliptium, retelliptine. 

In yet another embodiment, the entity contained in the 
liposome of the present invention is a pharmaceutical entity 
including, without limitaion any of the following: antihista 
mine ethylenediamine derivatives (bromphenifamine, 
diphenhydramine); Anti-protozoal: quinolones (iodoquinol); 
amidines (pentamidine); antihelmintics (pyrantel); anti 
Schistosomal drugs (oxaminiquine); antifungal triazole 
derivatives (fliconazole, itraconazole, ketoconazole, micona 
Zole); antimicrobial cephalosporins (cefazolin, cefonicid, 
cefotaxime, ceftazimide, cefuoxime); antimicrobial beta-lac 
tam derivatives (aztreopam, cefimetazole, cefoxitin); antimi 
crobials of erythromycine group (erythromycin, azithromy 
cin, clarithromycin, oleandomycin); penicillins 
(benzylpenicillin, phenoxymethylpenicillin, cloxacillin, 
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methicillin, nafcillin, oxacillin, carbenicillin); tetracyclines; 
other antimicrobial antibiotics, novobiocin, spectinomycin, 
Vancomycin; antimycobacterial drugs: aminosalicyclc acid, 
capreomycin, ethambutol, isoniazid, pyrazinamide, rifabutin, 
rifampin, clofazime; antiviral adamantanes: amantadine, 
rimantadine; quinidine derivatives: chloroquine, hydroxy 
chloroquine, promaquine, qionone; antimicrobial qionolo 
nes: ciprofloxacin, enoxacin, lomefloxacin, nalidixic acid, 
norfloxacin, ofloxacin, Sulfonamides; urinary tractantimicro 
bials: methenamine, nitrofurantoin, trimetoprim; nitroimida 
Zoles: metronidazole; cholinergic quaternary ammonium 
compounds (ambethinium, neostigmine, physostigmine); 
anti-Alzheimer aminoacridines (tacrine); anti-Parkinsonal 
drugs (benztropine, biperiden, procyclidine, trihexyl 
henidyl); anti-muscarinic agents (atropine, hyoscyamine, 
Scopolamine, propantheline); adrenergic dopamines (al 
buterol, dobutamine, ephedrine, epinephrine, norepineph 
rine, isoproterenol, metaproperenol, salmetrol, terbutaline); 
ergotamine derivatives; myorelaxants or curane series; cen 
tral action myorelaxants; baclophen, cyclobenzepine, den 
trolene; nicotine; beta-adrenoblockers (acebutil, amio 
darone); benzodiazepines (ditiaZem); antiarrhythmic drugs 
(diisopyramide, encaidine, local anesthetic series procaine, 
procainamide, lidocaine, flecaimide), quinidine, ACE inhibi 
tors: captopril, enelaprilat, fosinoprol, quinapril, ramipril; 
antilipidemics: fluvastatin, gemfibrosil, HMG-coA inhibitors 
(pravastatin); hypotensive drugs: clonidine, guanabenz, pra 
Zocin, guanethidine, granadril, hydralazine; and non-coro 
nary vasodilators: dipyridamole. 

According to the present invention, the entity contained in 
the liposome composition of the present invention can also be 
a pre-entity, e.g., a pro-drug or an agent that is capable of 
being converted to a desired entity upon one or more conver 
sion steps under a condition Such as a change in pH or an 
enzymatic cleavage of a labile bond. Such conversion may 
occur after the release of the pro-drug from the liposome 
interior at the intended site of the drug/liposome action. How 
ever, the pre-entity can be converted into the desired active 
entity inside the liposomes of the present invention prior to 
the use of the liposomes as a delivery vehicle, e.g., adminis 
tration to a patient. For example, an entity can be modified 
into a pre-entity so that it is easier to be loaded into the 
liposomes and then it can be converted back into the desired 
entity once it is inside the liposomes of the present invention. 
In this manner, according to the present invention, the entities 
that are generally not amenable to “active”, “remote' or other 
gradient-based loading methods, can be effectively loaded 
into liposomes, e.g., into the liposome interior space, in their 
native, unmodified form. 

Globally cationic compounds, that is, compounds capable 
of attaining a net positive ionic charge under the liposome 
loading conditions, especially the compounds containing a 
titratable amine, are known to effectively load into liposomes 
exhibiting transmembrane ion gradients. If an entity of inter 
est is an organic compound and is not not a globally cationic 
compound having a titratable amine, a derivative thereofhav 
ing the requisite ionic properties can be prepared by a Suitable 
modification, e.g., according to the methods described in 
Woodle et al., in WO 96/25147. For example, an amine group 
can be introduced by esterification of a hydroxyl group of the 
entity with an amino acid. Alternatively, a hydrophobic group 
can be introduced into a water-soluble compound to aid in its 
partition into the liposome membrane and Subsequent tra 
versing of the membrane to the intraliposomal compartment, 
i.e., inside the liposomes. Another useful modification to 
create a liposome-loadable pre-entity is the formation of a 
carbonyl group adduct, e.g., a hydraZone, an oxime, an acetal, 
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or a ketal. A modified amino-containing group can be hydro 
lyzed or otherwise chemically split from the modified com 
pound after the loading of the modified compound into the 
liposomes according to the present invention. Typical pro 
cesses to intraliposomally regenerate the entity from a pre 
entity are hydrolysis, photolysis, radiolysis, thiolysis, 
ammonolysis, reduction, Substitution, oxidation, or elimina 
tion. These processes can be effected, without limitation, by 
the change of pH or by an enzymatic action. For example, 
paclitaxel or docetaxel, a non-ionic entities, are converted 
into their 2'-(diethylaminopropionyl)- or 7'-(diethylamino 
propionyl) esters, which are weak bases (pre-entities). After 
loading into the liposomes by any known method, including, 
without limitation, “active”, “remote', “transmembrane-gra 
dient-based' or “solubility gradient based' methods, and/or 
the methods of the present invention, the intraliposomal 2'- 
(diethylaminopropionyl)-paclitaxel is converted into original 
paclitaxel by stimulating its hydrolysis through the increase 
of pH to above pH 7.0. Thus, a liposome encapsulating a 
neutral taxane molecule within its interior space is obtained 
with the drug/lipid ratio of over 0.05 mole per mole of the 
liposome lipid, without the help of hydrophilic covalent 
modifications of the taxane molecule (e.g. by attachment of 
PEG), cyclodextrine taxane compexes, or taxane-solubiliz 
ing, micelle-forming Surfactants. 

According to the present invention, the liposomes con 
tained in the liposome composition of the present invention 
can be any liposome known or later discovered in the art. In 
general, the liposomes of the present invention can have any 
liposome structure, e.g., structures having an inner space 
sequestered from the outer medium by one or more lipid 
bilayers, or any microcapsule that has a semi-permeable 
membrane with a lipophilic central part where the membrane 
sequesters an interior. A lipid bilayer can be any arrangement 
of amphiphilic molecules characterized by a hydrophilic part 
(hydrophilic moiety) and a hydrophobic part (hydrophobic 
moiety). Usually amphiphilic molecules in a bilayer are 
arranged into two dimensional sheets in which hydrophobic 
moieties are oriented inward the sheet while hydrophilic moi 
eties are oriented outward. Amphiphilic molecules forming 
the liposomes of the present invention can be any known or 
later discovered amphiphilic molecules, e.g., lipids of Syn 
thetic or natural origin or biocompatible lipids. Liposomes of 
the present invention can also be formed by amphiphilic 
polymers and Surfactants, e.g., polymerosomes and nio 
Somes. For the purpose of this disclosure, without limitation, 
these liposome-forming materials also are referred to as "lip 
ids. 

According to the present invention, the liposomes con 
tained in the liposome composition of the present invention 
can also be targeting liposomes, e.g., liposomes containing 
one or more targeting moieties or biodistribution modifiers on 
the Surface of the liposomes. A targeting moiety can be any 
agent that is capable of specifically binding or interacting 
with a desired target. In one embodiment, a targeting moiety 
is a ligand. The ligand, according to the present invention, 
preferentially binds to and/or internalizes into, a cell in which 
the liposome-entrapped entity exerts its desired effect (a tar 
get cell). A ligand is usually a member of a binding pair where 
the second member is present on or in a target cells or in a 
tissue comprising the target cell. Examples of ligands Suitable 
for the present invention are: the folic acid, protein, e.g., 
transferrin, growth factor, enzyme, peptide, receptor, anti 
body or antibody fragment, such as Fab'. Fv, single chain Fv, 
single-domain antibody, or any other polypeptide comprising 
antigen-binding sequences (CDRS) of an antibody molecule. 
A ligand-targeted liposome wherein a targeting moiety is an 
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antibody or a target antigen-binding fragment thereof is 
called an immunoliposome. In a preferred embodiment, the 
liposome carrying a targeting moiety, e.g., a ligand, is inter 
nalized by a target cell. In yet another embodiment, a target 
ing moiety is a ligand that specifically interacts with a 
tyrosine kinase receptor such as, for example, EGFR, HER2, 
HER3, HER4, PD-GFR, VEGFR, bFGFR or IGFR receptors. 
In still another embodiment, the targeting moiety specifically 
interacts with a growth factor receptor, an angiogenic factor 
receptor, a transferrin receptor, a cell adhesion molecule, or a 
Vitamin receptor. 

According to another embodiment of the present invention, 
the liposomes contained in the liposome composition exhibit 
a transmembrane concentration gradient of a Substituted 
ammonium and/or polyanion of the present invention. Pref 
erably, the higher concentration is in the interior (inner) space 
of the liposomes. In addition, the liposome composition of the 
present invention can include one or more trans-membrane 
gradients in addition to the gradient created by the Substituted 
ammonium and/or polyanion of the present invention. For 
example, the liposomes contained in the liposome composi 
tion of the present invention can additionally include a trans 
membrane pH gradient, ion gradient, electrochemical poten 
tial gradient, and/or solubility gradient. 

According to yet another embodiment of the present inven 
tion, the liposome composition of the present invention can be 
provided in a kit comprising a container with the liposomes, 
and optionally, a container with the entity and an instruction, 
e.g., procedures or information related to using the liposome 
composition in one or more applications. Such instruction can 
be provided via any medium, e.g., hard paper copy, electronic 
medium, or access to a database or website containing the 
instruction. 
The liposome membrane composition of the present inven 

tion can be made by any suitable method known to or later 
discovered by one skilled in the art. In general, a variety of 
lipid components can be used to make the liposomes of the 
present invention. Lipid components usually include, but are 
not limited to (1) uncharged lipid components, e.g., choles 
terol, ceramide, diacylglycerol, acyl(polyethers) or alkylpoly 
(ethers); (2) neutral phospholipids, e.g., diacylphosphatidyl 
cholines, sphingomyelins, and 
diacylphosphatidylethanolamines, (3) anionic lipids, e.g., 
diacylphosphatidylserine, diacylphosphatidylglycerol, dia 
cylphosphatidate, cardiolipin, diacylphosphatidylinositol, 
diacylglycerolhemisuccinate, diaclyglycerolhemigluratate, 
cholesterylhemisuccinate, cholesterylhemiglutarate, and the 
like; (4) polymer-conjugated lipids, e.g., N-methoxy-(poly 
(ethylene glycol)diacylphosphatidylethanolamine, poly(eth 
ylene glycol)-diacylglycerol, poly(ethylene glycol)-ceram 
ide; and (5) cationic lipids, e.g., 1.2-diacyl-3- 
trimethylammonium-propane (DOTAP), 
dimethyldioctadecylammonium bromide (DDAB), and 1.2- 
diacyl-sn-glycero-3-ethylphosphocholine. Monoacyl-substi 
tuted derivatives of these lipids, as well as di- and monoalkyl 
analogs can be also employed. 

Various lipid components can be selected to fulfill, modify 
or impart one or more desired functions. For example, phos 
pholipid can be used as principal vesicle-forming lipid. Inclu 
sion of cholesterol is useful for maintaining membrane rigid 
ity and decreasing drug leakage. Polymer-conjugated lipids 
can be used in the liposomal formulation to increase the 
lifetime of circulation via reducing liposome clearance by 
liver and spleen, or to improve the stability of liposomes 
against aggregation during storage, in the absence of circula 
tion extending effect. While inclusion of PEG-lipids in the 
amount 1 mol% or above of the liposome lipid is asserted to 
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have a several-fold prolongation of the liposome blood circu 
lation time (see, e.g., U.S. Pat. No. 5,013,556), we have 
Surprisingly discovered that liposomes of the present inven 
tion are quite long-circulating, and the addition of PEG-lipid 
to the liposome composition only extended the circulation 
longevity for less than two-fold, if at all. In addition, charge 
modulating (titratable) lipids can be used to help delivery of 
liposome encapsulated entities to cytosolic or nuclear targets 
via facilitating some classes of entities escaping the confines 
of endosomal pathway. 

In one embodiment, the liposomes of the present invention 
include lecithin, cholesterol, and an amphipathic polymer. 
The lecithin included in the liposomes of the present inven 
tion can be a natural lecithin, a hydrogenated natural lecithin, 
a synthetic lecithin, 1.2-distearoyl-lecithin, dipalmitoyl leci 
thin, dimyristoyl lecithin, dioleolyllecithin, 1-stearoyl-2-ole 
oyl lecithin, or 1-palmitoyl-2-oleoyl lecithin whereas the 
amphipathic polymer can be a polyethylene glycol-lipid 
derivative, e.g., polyethylene glycol phosphatidylethanola 
mine, polyethylene glycol-diacylglycerol, or polyethyleneg 
lycol-ceramide derivative, where the poly(ethylene glycol) 
portion has molecular weight from about 250 to about 20,000, 
most commonly from about 500 to about 5,000. In another 
embodiment, the -lecithin and cholesterol ratio in the lipo 
somes of the present invention is about 3:2 by mole. In yet 
another embodiment, the amphipathic polymer is at least 0.1 
mole % of the liposome-forming lipid in the liposomes of the 
present invention. In yet another embodiment, the amount of 
an amphipathic polymer is between 0.1 mole% and 1 mole% 
of the liposome-forming lipid in the liposomes of the present 
invention. Preferably, the amphipathic polymer is a neutral 
polymer, i.e. possesses under the drug loading conditions the 
net ionic charge of Zero, for example, PEG-diacylglycerol, 
PEG-dialkylglycerol, or PEG-ceramide. It was unexpectedly 
discovered that inclusion of ionically neutral amphipathic 
lipids up to PEG-lipid content of about 5.7 mol.% of total 
lipid afford high. efficiency liposome loading of, e.g., Vinca 
alkaloids, Such as Vinorelbine, while in the case of anionically 
charged PEG-DSPE the loading efficiency noticeably 
declined at the PEG-lipid content of 1.6 mol. 96 or more 
(Example 72). 

In still another embodiment, the liposomes of the present 
invention contain a camptothecinderivative, e.g., a camptoth 
ecin prodrug Such as irinotecan and is comprised of lecithin 
and cholesterol, e.g., at a ratio of about 3:2 by mole, and an 
amphipathic polymer, e.g., atanamount of at least 0.1 mole'/6 
or less than 1% of the liposome-forming lipid. 

Liposomes of the present invention can be made by any 
method that is known or will become known in the art. See, 
for example, G. Gregoriadis (editor), Liposome Technology, 
vol. 1-3, 1st edition, 1983; 2nd edition, 1993, CRC Press, 
Boca Raton, Fla. Examples of methods suitable for making 
liposome composition of the present invention include extru 
Sion, reverse phase evaporation, Sonication, Solvent (e.g., 
ethanol) injection, microfluidization, detergent dialysis, ether 
injection, and dehydration/rehydration. The size of liposomes 
can be controlled by controlling the pore size of membranes 
used for low pressure extrusions or the pressure and number 
of passes utilized in microfluidisation or any other suitable 
methods. In one embodiment, the desired lipids are first 
hydrated by thin-film hydration or by ethanol injection and 
Subsequently sized by extrusion through membranes of a 
defined pore size; most commonly 0.05 um, 0.08 um, or 0.1 
lm. 
Liposome compositions containing the Substituted ammo 

nium and/or polyanion of the present invention inside the 
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tion of liposomes in the presence of the Substituted ammo 
nium and/or polyanion of the present invention, e.g., in the 
form of salt. The Substituted ammonium and/or polyanion 
outside of the liposomes can be removed or diluted either 
following liposome formation or before loading or entrap 
ping a desired entity. Alternatively, liposome composition 
containing the Substituted ammonium and/or polyanion of the 
present invention can be made via ion exchange method 
directly or via an intermediate free acid step having a gradient 
of Substituted ammonium of the present invention, e.g., Sub 
stituted ammonium salt of polyanionized Sugar or polyol. 
Such liposomes can be neutralized using the amine or its salt 
with a volatile acid, e.g., carbonate. The resulting liposome 
solution can be used directly or alternatively the salt con 
tained therein can be removed if desired, e.g., by evaporation 
and crystallization followed by dissolution in an aqueous 
medium. 

Preferably, the liposome composition of the present inven 
tion has a transmembrane concentration gradient of the Sub 
stituted ammonium and/or polyanion, e.g., the concentration 
of the Substituted ammonium and/or polyanion salt inside the 
liposome is higher, usually at least 100 times higher, than the 
concentration of the Substituted ammonium and/or polyanion 
in the medium outside the liposome. 

In one embodiment, the concentration of the substituted 
ammonium and/or polyanion salt inside the liposome is at 
least 100 times higher than the concentration of the substi 
tuted ammonium and/or polyanion salt in the medium outside 
the liposome and is at least at a concentration of about 10 mM, 
50 mM, 0.1M, 0.2M, 0.5M, 0.6M, 0.7M, or 1.OM, wherein 
molarity is calculated based on the Substituted ammonium. In 
another embodiment, the concentration of the substituted 
ammonium and/or polyanion salt inside the liposome is at 
least 100 times higher than the concentration of the substi 
tuted ammonium and/or polyanion salt in the medium outside 
the liposome and is at a concentration of about 0.65M or 
about 1.OM. 

In addition, the liposome composition of the present inven 
tion usually has a pH outside which is compatible with or 
helpful for maintaining the stability of a desired entity during 
the loading process, along with the high loading efficiency, 
e.g., above 90% entrapment. For example, pH in the range of 
4-7, or pH 4.5-6.5, is preferred. In particular, according to the 
present invention, loading of a camptothecincompound, e.g., 
topotecan oririnotecan, is best accomplished at the pH of the 
outer medium in the range between about 4.0 and about 7.0, 
more preferably between about pH 5.0 and pH 6.5. Loading 
ofa Vinca derivative, e.g., Vincristine, Vinorelbine, or vinblas 
tine is best accomplished at pH about 5.0–7.0, more prefer 
ably at pH about 6.5. 

According to the present invention, a desired entity can be 
loaded or entrapped into the liposomes by incubating the 
desired entity with the liposomes of the present invention in 
an aqueous medium at a Suitable temperature, e.g., a tempera 
ture above the component lipids phase transition tempera 
ture during loading while being reduced below the phase 
transition temperature afterloading the entity. The incubation 
time is usually based on the nature of the component lipids, 
the entity to be loaded into the liposomes, and the incubation 
temperature. Typically, the incubation times of few minutes 
to several hours are sufficient. Because high entrapment effi 
ciencies of more than 85%, typically more than 90%, are 
achieved, there is usually no need to remove unentrapped 
entity. If there is such a need, however, the unentrapped entity 
can be removed from the composition by various mean, Such 
as, for example, size exclusion chromatography, dialysis, 
ultrafiltration, adsorption, or precipitation. It was unexpect 
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edly found that maintaining of the low ionic strength during 
the incubation of an entity, such as, in particular, a camptoth 
ecin derivative or a vinca alkaloid derivative, with the lipo 
somes of the present invention, followed by the increase in 
ionic strength at the end of the incubation, results in higher 
loading efficiency, better removal of unentrapped drug, and 
better liposome stability against aggregation. Typically, the 
incubation is conducted, e.g., in an aqueous Solution, at the 
ionic strength of less than that equivalent to 50 mMNaCl, or 
more preferably, less than that equivalent to 30 mM NaCl. 
Following the incubation, a concentrated salt, e.g., NaCl, 
Solution may be added to raise the ionic strength to higher 
than that of 50 mMNaCl, or more preferably, higher than that 
of 100 mM. NaCl. Without being bound by a theory, we 
hypothesize that the increase of ionic strength aids dissocia 
tion of the entity from the liposome membrane, leaving Sub 
stantially all entity encapsulated within the liposomal interior 
Space. 

In general, the entity-to-lipid ratio, e.g., drug load ratio 
obtained upon loading an entity depends on the amount of the 
entity entrapped inside the liposomes, the concentration of 
entrapped substituted ammonium and/or polyanion, e.g., salt, 
the physicochemical properties of the entrapped entity and 
the type of counter-ion (anion), e.g., polyanion used. Because 
of high loading efficiencies achieved in the compositions 
and/or by the methods of the present invention, the entity-to 
lipid ratio for the entity entrapped in the liposomes is over 
80%, over 90%, and typically more than 95% of the entity 
to-lipid ratio calculated on the basis of the amount of the 
entity and the liposome lipid taken into the loading process 
(the “input' ratio). Indeed, practically 100% (quantitative) 
encapsulation is common. The entity-to lipid ratio in the 
liposomes can be characterized in terms of weight ratio 
(weight amount of the entity per weight or molar unit of the 
liposome lipid) or molar ratio (moles of the entity per weight 
or molar unit of the liposome lipid). One unit of the entity 
to-lipid ratio can be converted to other units by a routine 
calculation, as exemplified below. The weight ratio of an 
entity in the liposomes of the present invention is typically at 
least 0.05, 0.1, 0.2,0.35, 0.5, or at least 0.65 mg of the entity 
per mg of lipid. In terms of molar ratio, the entity-to-lipid 
ratio according to the present invention is at least from about 
0.02, to about 5, preferably at least 0.1 to about 2, and more 
preferably, from about 0.15 to about 1.5 moles of the drug per 
mole of the liposome lipid. In one embodiment, the entity-to 
lipid ratio, e.g., drug load ratio of camptothecin derivatives is 
at least 0.1, e.g., 0.1 mole of camptothecin derivative per one 
mole of liposome lipid, and preferably at least 0.2. In another 
embodiment, the entity-to-lipid ratio, e.g., drug load is at least 
about 300 mg entity (e.g., Vinca alkaloid or a derivative 
thereof) per mg of liposome-forming lipid. In yet another 
embodiment, the entity-to-lipid ratio, e.g., drug load is at least 
about 500 mg entity (e.g. camptothecin derivative or campro 
thecin prodrug) per mg of liposome-forming lipid. Surpris 
ingly, the invention afforded stable and close to quantitative 
liposomal encapsulation of a camptothecin derivative drug, 
e.g., irinotecan, at the drug-to-lipid ratio of over 0.8 mmol of 
the entity per 1 g of liposome lipid, over 1.3 mmol of entity 
per 1 g of liposome lipid, and even at high as 1.7 mmol entity 
per 1 g liposome lipid (see Example 74). 

If the liposome comprises a phospholipid, it is convenient 
to express the entity content in the units of weight (mass) 
amount of the drug per molar unit of the liposome phospho 
lipid, e.g., mg drug/mmol of phospholipid. However, a person 
skilled in the art would appreciate that the drug content can be 
equivalently expressed in a manner independent of the pres 
ence of phospholipids in a liposome, and furthermore, can be 
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equivalently expressed interms of a molar amount of the drug 
per unit (mass or molar) of the liposome lipid content. For 
example, a liposome containing 3 molar parts of dis 
tearoylphosphatidylcholine (DSPC, molecular weight 790), 
2 molar parts of cholesterol (molecular weight 387), and 
0.015 molar parts of poly(ethylene glycol)-derivatized dis 
tearoylphosphatidylethanolamine (PEG-DSPE, molecular 
weight 2750), and containing a drug doxorubicin (molecular 
weight 543.5) at the drug/lipid ratio of 150 mg/mmol phos 
pholipid, the same drug content can be equivalently expressed 
in terms of mg drug/mg total lipid as follows: 
(a) Calculate the molar amounts of liposome lipid compo 

nents normalized to the molar unit of liposome phospho 
lipids (DSPC and PEG-DSPE in this example) by dividing 
the molar quantity of a component by the total of the molar 
quantities of the liposome phospholipids: 

DSPC3/(3+0.015)=0.995O2 

Cholesterol. 2/(3+0.015)=0.66335 

PG-DSPE 0.015/(3+0.015)=0.00498 

(b) Calculate the mass amount of total liposome lipid corre 
sponding to a unit molar amount of liposome phospholipid 
and the components molecular weights: 

Total lipid, mg/mmol phospholipid=0.995.02x790+ 
O.66335X387--O.OO498x27SO=1056.48 

(c) Calculate the mass amount of drug per mass unit of total 
lipid by dividing the drug content expressed in mass units 
per molar unit of phospholipid by the number obtained in 
step (b): 

Doxorubicin, mg/mg total lipid=150 
1056.48=0.14.198. 

(d) Calculate the molar amount of the drug per unit mass of 
total lipid by dividing the number obtained in step (c) by 
the drug molecular weight (in this case, 543.5): 

Doxorubicin, mmol/g total lipid=0.14198/543.5x 
1OOO=0.261. 

(e) Calculate the molar part of phospholipids in the liposome 
lipid matrix: 

Phospholipid molar part=(total moles of phospholip 
ids) (total moles amount of lipids)=(3+0.015)/(3+ 
2+0.015)=0.6012. 

(f) Calculate the molar ratio of doxorubicinto total lipid. 
Doxorubicin, mol/mol of total lipid=(Phospholipid 

molar part)x(Doxorubicin, gmole phospholipid), 
(Doxorubicin molecular weight)=0.6012x150, 
543.5=0.166 

Thus, the relationship between drug-to-lipid and drug-to 
phospholipid ratio expressed in various units is readily estab 
lished. As used herein, a “lipid includes, without limitation, 
any membrane-forming components of the liposome mem 
brane. Such as, for example, polymers and/or detergents. 
The liposome entrapped substituted ammonium and/or 

polyanion salt Solution of the present invention usually has an 
osmotic strength (osmolality) which helps to keep the lipo 
Somes stable against osmotic damage (Swelling and/or burst) 
without sacrificing the loading capacity of the liposomes. In 
one embodiment, the osmolality of the liposome composition 
of the present invention is in the range of 0.1 to 1.5 mol/kg or, 
preferably, 0.2 to 1.0 mol/kg. Surprisingly, we found that 
liposomes of the present invention are stable against adverse 
effect of high intraliposomal osmotic strength on the drug 
loading. Intraliposomal osmolarities of as high as 0.727 mol/ 
kg were well tolerated, resulting in practically quantitative 
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loading of a drug up to the theoretical maximum of stoichio 
metric exchange of intraliposomal Substituted ammonium 
ions for molecules of the drug (in the case ofirinotecan, one 
drug molecule per one Substituted ammonium ion), even 
though the osmolarity of the extraliposomalaqueous medium 
during the co-incubation of the drug and the liposomes was 
close to the physiological value of about 0.3 mol/kg (Example 
74). 

In general, the liposome composition of the present inven 
tion is quite stable during storage, e.g., as measured by the 
percentage of entrapped entity released outside of the lipo 
Somes or still maintained inside of the liposomes after a 
certaintime period from the initial loading of the entity inside 
the liposomes of the present invention. For example, the 
liposome composition of the present invention is stable at 4 
C. for at least 6 months, e.g., less than 10% of entrapped entity 
is released 6 months after the initial loading of the entity. In 
one embodiment, the liposome composition of the present 
invention is stable at 4°C. for at least 2 years, e.g., less than 
20% of entrapped entity is released 2 years after the initial 
loading of the entity. 

It is advantageous for a liposome-entrapped entity to 
remain encapsulated in the liposome until the liposome 
reaches the site of its intended action, e.g., in the case of a 
liposomal antitumor drug administered in a patient, a tumor. 
The liposomes of the present invention showed Surprising 
stability against the release (leakage) of the entrapped entity 
under in vivo conditions, e.g. in the blood of a mammal. The 
exposure time needed for 50% release of the entrapped entity, 
e.g. drug, from the liposomes (half-release time) in the blood 
of a rat in vivo was more than 24 hours. In particular, lipo 
somes loaded with Vinca alkaloid drugs, e.g., vinblastine, 
Vincristine, and vinorelbine, showed remarkable stability 
against drug leakage in vivo, with half-release time of at least 
24 hours, or the amount of entity remaining encapsulated 
after 24 hours in the blood in vivo at least about 50% of the 
pre-administration value. Typically the half-release time over 
33 hours, or the amount of encapsulated entity remaining 
encapsulated after 24 hours in the blood in vivo at least about 
60%, was observed; and even the half-release time over 46 
hours, or the amount of encapsulated entity after 24 hours in 
the blood in vivo at least about 70% of the pre-administration 
value, was common. Sometimes the half-release time for an 
encapsulated drug in the blood in vivo was over 93 hours, and 
even over 120 hours. The liposome loaded with camptothecin 
derivatives, such as topotecan and irinotecan, also showed 
exceptional in vivo stability in the blood, with 79-85% of the 
original drug load remaining encapsulated after 24 hours. 
Remarkably, the liposomes of the present invention, while 
having Such low in vivo drug release rate in the blood circu 
lation, showed substantial in vivo antitumor activity exceed 
ing that of the free drug (i.e administered as a solution). 
The liposomes of the present invention provided unex 

pected combination of the high efficiency of the entrapped 
therapeutic agent and low toxicity. In general, the activity of 
a therapeutic entity liposomally encapsulated according to 
the present invention, e.g., the anti-neoplastic activity of a 
camptothecin derivative in a mammal, is at least equal to, at 
least two times higher, or at least four times higher than the 
activity of the therapeutic entity if it is administered in the 
same amount via its routine non-liposome formulation, e.g., 
without using the liposome composition of the present inven 
tion, while the toxicity of the liposomally encapsulated entity 
does not exceed, is at least twice, at least three times, or at 
least four times lower than that of the same therapeutic entity 
administered in the same dose and schedule but in a free, 
non-encapsulated form. For example, it is generally known 
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that liposomal encapsulation of anti-cancer camptothecin 
derivatives by the published methods of others results in the 
increased toxicity (lower maximum tolerated dose, lower 
50% lethality dose) compared to unencapsulated drug. See 
U.S. Pat. No. 6,355,268; U.S. Pat. No. 6,465,008: Colbem, et 
al. Clinical Cancer Res. 1998, v.4, p. 3077-3082; Tardi, et al. 
Cancer Res., 2000, v. 60, p.3389-3393: Emerson, et al. Clini 
cal Cancer Res. 2000, v. 6, p. 2903-2912. Liposomally encap 
Sulated camptothecin pro-drugs, such as irinotecan (CPT-11), 
which is a water-soluble, cationic camptothecin pro-drug 
derivative, have substantially higher, e.g. at least 4 times, and 
even 10 times, higher antitumor activity assessed in an in vivo 
tumor model than the drug in the absence of a liposomal 
formulation, e.g., in a free (Solution) form. This is even more 
remarkable since a therapeutic compound, e.g., a camptoth 
ecin pro-drug, requires enzymatic activation, e.g., by the 
action of endogenous non-specific carboxylesterase, but 
according to the present invention is encapsulated Substan 
tially within the interior space of the liposome. On the other 
hand, Surprisingly, the toxicity of camptothecin prodrug Such 
as CPT-11 in the liposomal form (drug/lipid mass ratio over 
0.1, e.g., 0.2-0.6 or more) according to the present invention 
was over 2 times, over 3 times, and even over 4 times lower 
that than of the free (unencapsulated) pro-drug CPT-11. 
Moreover, a prolonged drug release from the CPT-11 lipo 
somes in vivo was achieved, with more than 50%, and even 
more than 70% (79-86%) of the original drug content still 
remaining in the liposomes 24 hours after administration into 
the bloodstream, and with half-release times in excess of 24 
hours, typically in excess of 48 hours. The prolonged rema 
nence of the drug in the liposome in vivo was associated with 
higher antitumor effect. Surprisingly, the slowest in vivo 
CPT-11 release and the highest antitumor activity was 
observed in the liposomes containing low-molecular polyan 
ionized Sugar derivative (sucrose octasulfate) rather than a 
polymeric anion (polyphosphate) (Example 15). 

According to another embodiment of the present invention, 
the liposome composition of the present invention can be 
provided as a pharmaceutical composition containing the 
liposome composition of the present invention and a carrier, 
e.g., pharmaceutically acceptable carrier. Examples of phar 
maceutically acceptable carries are normal saline, isotonic 
dextrose, isotonic Sucrose, Ringer's solution, and Hanks 
solution. A buffer substance can be added to provide pH 
optimal for storage stability. For example, pH between about 
6.0 and about 7.5, more preferably pH about 6.5, is optimal 
for the stability of liposome membrane lipids, and provides 
for excellent retention of the entrapped entities. Histidine, 
hydroxyethylpiperazine-ethylsulfonate (HEPES), morpho 
lipo-ethylsulfonate (MES), succinate, tartrate, and citrate, 
typically at 2-20 mM concentration, are exemplary buffer 
substances. Other suitable carriers include, e.g., water, buff 
ered aqueous solution, 0.4% NaCl, 0.3% glycine, and the like. 
Protein, carbohydrate, or polymeric stabilizers and tonicity 
adjusters can be added, e.g., gelatin, albumin, dextran, or 
polyvinylpyrrolidone. The tonicity of the composition can be 
adjusted to the physiological level of 0.25-0.35 mol/kg with 
glucose or a more inert compound Such as lactose. Sucrose, 
mannitol, or dextrin. These compositions may be sterilized by 
conventional, well known sterilization techniques, e.g., by 
filtration. The resulting aqueous Solutions may be packaged 
for use or filtered under aseptic conditions and lyophilized, 
the lyophilized preparation being combined with a sterile 
aqueous medium prior to administration. 
The pharmaceutical liposome compositions can also con 

tain other pharmaceutically acceptable auxiliary Substances 
as required to approximate physiological conditions. Such as 
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pH adjusting and buffering agents, tonicity adjusting agents 
and the like, for example, sodium acetate, sodium lactate, 
Sodium chloride, potassium chloride, calcium chloride, etc. 
Additionally, the liposome Suspension may include lipid 
protective agents which protect lipids against free-radical and 
lipid-peroxidative damages on storage. Lipophilic free-radi 
cal quenchers, such as alpha-tocopherol and water-soluble 
iron-specific chelators, such as ferrioxamine, are Suitable. 
The concentration of the liposomes of the present invention 

in the fluid pharmaceutical formulations can vary widely, i.e., 
from less than about 0.05% usually or at least about 2-10% to 
as much as 30 to 50% by weight and will be selected primarily 
by fluid Volumes, Viscosities, etc., in accordance with the 
particular mode of administration selected. For example, the 
concentration may be increased to lower the fluid load asso 
ciated with treatment. This may be particularly desirable in 
patients having atherosclerosis-associated congestive heart 
failure or severe hypertension. Alternatively, liposome phar 
maceutical compositions composed of irritating lipids may be 
diluted to low concentrations to lessen inflammation at the 
site of administration. 
The amount of liposome pharmaceutical composition 

administered will depend upon the particular therapeutic 
entity entrapped inside the liposomes, the disease state being 
treated, the type of liposomes being used, and the judgment of 
the clinician. Generally the amount of liposome pharmaceu 
tical composition administered will be sufficient to deliver a 
therapeutically effective dose of the particular therapeutic 
entity. 
The quantity of liposome pharmaceutical composition 

necessary to deliver a therapeutically effective dose can be 
determined by routine in vitro and in vivo methods, common 
in the art of drug testing. See, for example, D. B. Budman, A. 
H. Calvert, E. K. Rowinsky (editors). Handbook of Antican 
cer Drug Development, LWW, 2003. Therapeutically effec 
tive dosages for various therapeutic entities are well known to 
those of skill in the art; and according to the present invention 
a therapeutic entity delivered via the pharmaceutical lipo 
Some composition of the present invention provides at least 
the same, or 2-fold, 4-fold, or 10-fold higher activity than the 
activity obtained by administering the same amount of the 
therapeutic entity in its routine non-liposome formulation. 
Typically the dosages for the liposome pharmaceutical com 
position of the present invention range between about 0.005 
and about 500 mg of the therapeutic entity per kilogram of 
body weight, most often, between about 0.1 and about 100 mg 
therapeutic entity/kg of body weight. 

Typically, the liposome pharmaceutical composition of the 
present invention is prepared as a topical or an injectable, 
either as a liquid solution or Suspension. However, Solid 
forms Suitable for solution in, or Suspension in, liquid 
vehicles prior to injection can also be prepared. The compo 
sition can also be formulated into an enteric-coated tablet or 
gel capsule according to known methods in the art. 
The liposome composition of the present invention can be 

administered in any way which is medically acceptable which 
may depend on the condition or injury being treated. Possible 
administration routes include injections, by parenteral routes 
Such as intramuscular, Subcutaneous, intravenous, intraarte 
rial, intraperitoneal, intraarticular, intraepidural, intrathecal, 
or others, as well as oral, nasal, ophthalmic, rectal, vaginal, 
topical, or pulmonary, e.g., by inhalation. For the delivery of 
liposomally drugs formulated according to the invention, to 
tumors of the central nervous system, a slow, Sustained intrac 
ranial infusion of the liposomes directly into the tumor (a 
convection-enhanced delivery, or CED) is of particluar 
advantage. See Saito, et al., Cancer Research, Vol. 64, p. 
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2572-2579, 2004: Mamot, et al., J. Neuro-Oncology, vol. 68, 
p. 1-9, 2004. The compositions may also be directly applied 
to tissue Surfaces. Sustained release, pH dependent release, or 
other specific chemical or environmental condition mediated 
release administration is also specifically included in the 
invention, e.g., by Such means as depot injections, or erodible 
implants. 

In one embodiment of the invention, a liposomally encap 
Sulated drug, for example, topoisomerase I inhibitor, such as, 
camptothecin or a camptothecin derivative, jointly referred to 
as a “camptothecin compound', or a pro-drug thereof, are 
administered directly into the brain of a mammal, using injec 
tion, infusion, or instillation into the cranial cavity (intracra 
nially), into the spinal cord or in the spinal canal (intrathe 
cally). A camptothecin compound is a molecule that 
comprises a five-membered ring of an alkaloid camptothecin 
as follows: 

O 

HC s R New 
19 on Y 

20 

camptothecin 

either in unsubstituted form, or a derivative, i.e., where any 
hydroden atom is Substituted by any functional group. A 
camptothecin compound also includes any salt or a complex 
of a camptothecin or a camptothecin derivative. As also 
explainsed elsewhere in this disclosure, camptothecin com 
pounds are known to be inhibitors of the enzyme toloi 
Somerase I, and have utility as anticancer drugs. As used 
herein, “brain' is defined broadly and synonymously to “cen 
tral nervous system’, to include all cells and tissue of the brain 
proper and spinal cord of a vertebrate. Thus, the term “brain 
includes, but is not limited to, neuronal cells, glial cells, 
astrocytes, cerebrospinal fluid (CSF), interstitial spaces, 
brain tunicas, bone, cartilage and the like. The "cranial cav 
ity refers to any area underneath the skull (cranium), and 
“intracranial refers to as being delivered or provided directly 
into any part of the cranial cavity, except for vascular lumen. 
Any means known in the art for Such direct administration to 
the brain, e.g., via injection, infusion, implantation, or instil 
lation, are suitable to practice the invention. The administra 
tion involved placement of a device comprising a conduit for 
the liposomal drug into the brain. Exemplary conduits for 
implantation are solid, semi-solid, or gel-like implants in 
various shapes or in the form of a pellet or a paste. In the case 
of a fluid formulation comprising the liposomal drug a phar 
maceutically acceptable fluid composition, the injection, 
infusion, or instillation is performed via a device having a 
conduit for a fluid. Such as a catheter, a tubing, a capillary, a 
needle, or a cannula. Particularly preferred method of the 
liposomal delivery in a fluid formulation is convection 
enhanced delivery, or CED. The CED method involves posi 
tioning the tip of an infusion catheter or cannula within a 
tissue structure and Supplying a solution comprising a thera 
peutic agent through the device equipped with a conduit for a 
liquid, such as a catheter or cannula, while maintaining a 
pressure gradient from the tip of the catheter during infusion. 
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The CED preferably involves non-manual means of infusion. 
After the infusion catheter is positioned in a tissue situs, it is 
usually connected to a pump which delivers a Solution and 
maintains a desired pressure gradient throughout delivery of 
the agent. The volume rate of administration (delivery) of the 
liposomal formulation to a target tissue, that is, a physical or 
anatomical area in need for being contacted with the drug, 
typically varies from about 0.2 to about 20 ul/min. The term 
“infusate' refers to a solution delivered by convective inter 
stitial infusion. CED utilizes a pressure gradient to infuse 
Substances directly into the interstitial space of a Solid tissue 
(interstitial infusion). Since CED relies on bulk (convective) 
flow, rather than diffusion, it can be used to distribute small 
and large molecular weight Substances, as well as nanopar 
ticles, such as liposomes, over clinically relevant Volumes 
within solid tissue. See, for example, Morrison et al., “Focal 
delivery during direct infusion to brain: role of flow rate, 
catheter diameter, and tissue mechanics.” Am J Physiol, 277: 
R1218-1229 (1999), Morrison et al., “High-flow microinfu 
sion: tissue penetration and pharmacodynamics. Am J 
Physiol, 266: R292-305 (1994), and Bobo et al., “Convec 
tion-enhanced Delivery of Macromolecules in the Brain.” 
Proc. Natl. Acad. Sci. USA; 91:2076-2080 (1994). 
Any convection-enhanced delivery device may be appro 

priate for delivery of the liposomal compositions of the 
present invention. In a preferred embodiment, the device is an 
osmotic pump or an infusion pump. Both osmotic and infu 
sion pumps are commercially available from a variety of 
Suppliers, for example Alzet Corporation, Hamilton Corpo 
ration, Alza, Inc., Palo Alto, Calif.). Typically, a liposome is 
delivered via CED devices as follows. A catheter, cannula or 
other injection device is inserted into brain tissue in the cho 
Sen Subject. Using conventional diagnostic methods, one of 
skill in the art can readily determine which general area of the 
CNS is an appropriate target according to the nature of the 
disorder or a disease. For example, when delivering liposo 
mal camptothecins to treat a brain neoplasm, the area 
involved in the neoplastic growth is a suitable area of the brain 
to target. Stereotactic maps and positioning devices are avail 
able, for example from ASI Instruments, Warren, Mich. Posi 
tioning may also be conducted by using anatomical maps 
obtained by computer-assisted tomography (CT) and/or MRI 
imaging of the Subject's brain to help guide the injection 
device to the chosen target. The use of detectable markers to 
guide the cannula and monitor the infusion process via imag 
ing, as further explained herein, also serve to reduce the side 
effects seen with conventional delivery techniques. 
The therapeutic efficacy of a drug acting upon a diseased 

tissue, in particular, a neoplastic tissue, is known to benefit 
from prolonged exposure to the drug, especially when the 
drug action requites affected cell to be in a certain phase of 
cell growth and division cycle ref.. The tissue exposure to 
the drug is pharmacokinetically characterized by the drug 
mean residence time, or MRT (see, for example, The Merck 
Index, 2006, section 22, Ch. 299), and half-elimination time 
t, wherein the increase in MRT and/or t signifies 
increased persistence of the drug in the tissue. It was unex 
pectedly discovered, that the administration oftopoisomerase 
I inhibitor drugs (and their pro-drugs). Such as, camptothecin 
compounds, directly in the brain tissue via intracranial route, 
in particular, via CED, results in dramatically enhanced MRT 
and/or t of these drugs in the tissue of the brain. Typically, 
the MRT of the drug administered into the brain by CED in a 
liposomal form increased at least 5-fold, more preferably 
10-fold, or even 20-fold or more compared with the MRT of 
the same drug administered to the brain by the same method, 
when the drug is in a non-liposomal form, but in the form of 
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a solution (molecular or micellar) (see Examples). This 
increase can be related, without being bound by a theory, to 
the decreased in vivo release rates of there drugs from the 
liposomes prepared according to the present invention. In one 
instance, the increased MRT and/or t of the liposomally 
encapsulated camptothecin compounds is observed when the 
half-release time, that is, the time during which the drug/lipid 
ratio of the liposome administered into the circulation system 
of a subject is reduced to one-half of its pre-administration 
value, is at least 8 hours, more preferably at least 12 hours, at 
least over 16 hours, and even 20 or more hours. The liposo 
mally encapsulated camptothecins with these characteristics 
are afforded, for example, by the encapsulation (loading) 
methods of this invention. For example, when a camptothecin 
compound is water-soluble, e.g., characterized by an aqueous 
solubility of at least 0.1 mg/mL, or at least 1 mg/mL, it tends 
to be contained substantially within the liposome interior 
space. Poorly water-insoluble camptothecins typically hav 
ing an aqueous solubility of less that 5 ug/mL. Exemplary 
poorly water soluble camptothecin compounds are camptoth 
ecin, 10-hydroxy-7-ethyl camptothecin (SN-38), 7-ethyl 
camptothecin (SN-22), 10, 11-methylenedioxy camptoth 
ecin, and 10.11-ethylenedioxy camptothecin. These poorly 
water-soluble camptothecin compounds are typicallybre 
tained within the lipid portion of the liposomes. Concentra 
tion and retention of a camptothecin compound in the lipo 
Some interior space is facilitated when the encapsulation of 
said camptothecin compound into the liposome comprises 
contacting the compound with the liposome having a trans 
membrane gradient sufficient to effect concentration of the 
compound in the liposome. Formation of liposomes having 
transmembrane gradients is well known in the art. Exemplary 
transmembrane gradients Suitable to practice the invention 
are pH gradient (e.g., U.S. Pat. No. 5,077.056), an ammonium 
ion gradient (e.g., U.S. Pat. No. 5,316,771), a substituted 
ammonium ion gradient (e.g., Maurer-Spure et al., 1999, 
Biochim. Biophys. Acta Vol. 1416, p 1-10), an electrochemi 
cal potential gradient (e.g., U.S. Pat. No. 5,736,155), a diva 
lent metal ion gradient (e.g., U.S. Patent Appl. publication 
No. 2003009 1621), or a solubility gradient (U.S. Pat. No. 
6,110,491). Concentration and stabilization of the camptoth 
ecin compound in the interior space of the liposome is facili 
tated by inclusion into Such interior space of a polyvalent 
anion, such as a polymeric polyanion, a polyanionized polyol. 
or a polyanionized Sugar. Exemplary polyvalent anions are 
Sulfate, citrate, phosphate, pyrophosphate, polyvinylsulfate, 
polyvinylsulfonate, chondroitin Sulfate, heparan Sulfate, der 
matan Sulfate, dextran Sulfate, polyphosphate, inositol 
hexaphosphate, or Sucrose octasulfate. Polyanionized polyols 
and polyanionized Sugars, in particular, Sulfated Sugars, such 
as Sucrose octasulfate, are preferred, as they provide excellent 
prolongation of the drug release of camptothecin compounds 
from the liposomes in vivo. When a polyvalent anion is 
present within the liposome to stabilize the topoisomerase I 
inhibitor, Such as a camptothecin compound, against the 
increased drug release in Vivo, the topoisomerase I inhibitoris 
preferably chosen to be ionizable to a positive ionic charge in 
an aqueous Solution, typically at pH between about 3 and 
about 8. In one instance, topoisomerase I inhibitor is a lipo 
philic weak base, that is, to incorporates a titratable weakly 
basic group, Such as amine, or a Substituted amine, that 
imparts to the topoisomerase I inhibitor molecule an overall 
positive ionic charge in aqueous solution, as described above. 
Examples of topoisomerase I inhibitors which are lipophilic 
weak bases are 9-aminocamptothecin, 9-amino-10, 11-meth 
ylenedioxycamptothecin, irinotecan, topotecan, lurtotecan, 
(7-(4-methylpiperazinomethylene)-10, 11-ethylenedioxy-20 
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(S)-camptothecin, 7-(4-methylpiperazinomethylene)-10, 11 
methylenedioxy-20(S)-camptothecin, 7-(2-N-isopropy 
lamino)ethyl)-(20S)-camptothecin, and a camptothecin or 
homocamptothecin derivative comprising a cationically ion 
izable, titratable amine group at any of the positions 7, 9, 10. 
or 20 of its molecule (such as, e.g., described in U.S. Pat. No. 
6,291,676, U.S. Pat. No. 6,743,917, and Liu, et al., 2002, J. 
Am. Chem. Soc. Vol. 124 p. 7650-7651). Administration of 
topoisomerase I inhibitors, in particular, topotecan and irino 
tecan, in accordance with the method of this invention 
showed marked antitumor activity against implanted intrac 
ranial tumors in experimental animals and a spontaneous 
malignant brain tumor in a dog (see Examples). This antitu 
mor activity significantly exceeds the antitumor activity of 
the same compounds delivered in a non-liposomal, i.e., 
soluble, form. 

In was discovered that water-soluble camptothecin topoi 
Somerase I inhibitor drugs, such as topotecan, when admin 
istered in accordance with the invention, as in a liposome 
encapsulated form via CED delivery in the brains of 
experimental animals bearing brain malignant neoplasms, the 
active dose of the drug is very low, and calls for low potency 
(i.e. concentration of the drug) in the delivered formulation, 
Thus, for topotecan, the potency of 0.5 mg/mL oftopotecanin 
the infusate comprising the liposomally formulated topote 
can, was found active (Saito, et al. Neuro-Oncology, 2006, 
vol. 8, p. 205-214). Therefore, for the use with the brain 
delivery methods contemplated herein, it is of advantage to 
prepare liposomes wherein the topoisomerase I inhibitor-to 
lipid ratio is relatively low, to ensure the abundance of drug 
carrying liposomal particles in the interstitial spaces of the 
brain tumor following, e.g., CED administration, while pro 
viding a required low, albeit potent, dose of the drug. Thus, to 
practice the brain delivery method of the invention, the drug/ 
lipid ratios in the liposomal formulations of water-soluble 
camptothecin drug, Such as topotecan, lurtotecan, (7-(4-me 
thylpiperazinomethylene)-10, 11-ethylenedioxy-20(S)- 
camptothecin, 7-(4-methylpiperazinomethylene)-10, 11-me 
thylenedioxy-20(S)-camptothecin, and 7-(2-N- 
isopropylamino)ethyl)-(20S)-camptothecin, are preferably 
at, or below, 0.2 mol of the drug per mol of the liposome 
vesicle-forming lipid, and even at, or below, 0.1 mol of the 
drug per mol of the lipid. Because of the stabilizing nature of 
the polyvalent polyanions (such as polymeric polyanions as 
well as non-polymeric, polyanionized polyols and polyanion 
ized Sugars, such as, for example, Sucrooctasulfate, as dis 
closed herein) in the interior of the liposomes, such liposomes 
are particularly Suitable for encapsulation of these water 
soluble topoisomerase I drugs, so that even at low intralipo 
Somal concentration of the drug, the drug does not leave the 
liposome so rapidly as to negate the therapeutic advantage of 
increased persistence of the liposomal drug administered into 
the brain tissue. On the contrary, when a topoisomerase I 
inhibitor prodrug, such as irinotecan, is encapsulated, larger 
drug doses are advantageous, and higher drug loads in the 
liposomes are preferred, for example, 500 mg/mmol of the 
liposome lipid and above (Noble, et al., 2006, Cancer Res., 
vol. 66, p. 2801-2806). These high and stable loads are also 
easily achieved using the loading methods and formulations 
of the present invention. 
A variety of liposomal properties or formulation methods 

play important roles in determining the degree of stability, 
and hence the rate of drug release from the liposomal carrier. 
The incorporation of highly saturated phospholipids, such as 
distearoylphosphatidylcholine or hydrogenated soy phos 
phatidylcholine in liposomal formulations of amphipathic 
drugs improves stability considerably when compared to 
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liposomes containing unsaturated phospholipids. The inclu 
sion of cholesterol reduces destabilizing interactions with 
plasma proteins, and also participates in regulating the per 
meability of liposomal membranes to Small molecules. Spin 
gomyelin-based liposomes have also demonstrated Superior 
drug retention and activity when compared to phosphatidyl 
choline-based formulations., likely resulting in part from 
intermolecular hydrogen bonding with neighboring choles 
terol molecules and the reduced hydrolysis of sphingomyelin 
when compared to phospholipids. Although the lipid compo 
nents certainly play a critical in role in controlling the rate of 
diffusion of drug solutes across biological membranes, the 
stability of the formulation is equally dependent on the physi 
cochemical properties of the drug to be encapsulated and the 
use of transmembrane gradients to both load and stabilize 
liposomal formulations of weakly basic amphipathic drugs. 
With regard to CED delivery, the liposome lipid compositions 
that provide for neutral or anionic liposome surfaces are 
preferred. 

Attachment of the targeting ligand specific to the brain 
neoplastic tissue in general, or specifically binding to, and 
preferably internalizing into, the malignant cells thereof pro 
vides additional advantage to the liposomally encapsulated 
topoisomerase I inhibitor drugs. administered into the neo 
plasm-harboring brain of a subject via CED. One such suit 
able class of targeting ligands binds epidermal growth factor 
receptor (EGFR) which is often overexpressed on the surface 
of the brain malignant neoplastic cells, such as astrocytomas 
and glioblastomas. Exemplary EGFR-binding ligands for tar 
geting the liposomes are peptides, such as, for example, epi 
dermal growth factor, peptidomimetics and similar Small 
molecules, antibodies, or antigen-binding fragments thereof 
(Fab, Fv) in a double-chain or a single-chain variant. The 
antitumor efficacy of anti-EGFR antibody Fab' fragment 
attachment to the topotecan liposomes administered by CED 
into the tumor-bearing brains of the rats was increased com 
pared to non-ligand bearing liposomes (See Examples). 
When, according to the present invention, a composition 

that contains a liposomally formulated topoisomerase I 
inhibitor, Such as, camptothecin compound, is administered 
via a conduit inserted into the patient’s brain that harbors a 
diseased area, such as a neoplasm, it is advantageous to guide 
and adjust the distribution of this liposomal composition to 
maximally cover the diseased area. When the liposomal 
topoisomerase I inhibitor is formulated in a fluid excipient 
and administered via CED through a cannula or a catheter, it 
is preferable for a medical professional to be able to monitor 
the progress and distribution of the administered liposomes in 
the brain tissue in the course of such administration. It is more 
preferable that Such monitoring is non-invasive, that is, does 
not entail penetration of the patient’s skin or mucosal layer 
specifically for the purpose of such monitoring. Non-invasive 
monitoring of medical, e.g., diagnostic, articles carrying 
detectable markers is known in the medical art. Imaging 
methods, that is, those that generate an image of the anatomi 
cal region of interest, e.g., brain, are particularly Suitable, for 
example, magnetic resonance imaging (MRI), radioisotope 
methods (scintigraphy, PET, SPECT), X-ray methods (e.g., 
plane film or CAT), fluorescence imaging methods, and lumi 
nescence imaging methods. See, for example, V. P. Torchilin 
(ed.), Handbook of Targeted Delivery of Imaging Agents, 
CRC Press, 1995, 752 p. In an invasive monitoring, the pres 
ence of an article carrying a detectable marker is monitored 
via a Surgical opening in the body cavity or via an instrument 
that penetrates skin or mucosal layer (e.g., laparoscopy). 
To achieve monitoring, Such as, e.g., by a non-invasive 

imaging, of the liposomal drug, (e.g., topoisomerase I) for 
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mulation delivery to the brain, a detectable marker is intro 
duced in the formulation, along with the liposomes. A detect 
able marker as defined herein is a moiety. Such as a molecule, 
or a part thereof, that is, when present in a specimen under 
examination, is capable of elicining a response, discernible 
by an observer, that evidences the presence and, optionally, 
the amount of the moiety in the specimen. Detectable markers 
Suitable for pharmaceutical and/or biomedical purposes are 
well known to those skilled in the art. The nature of the 
detectable marker (also referred to as a “contrast agent’) and 
the parameters of the detection process are routinely deter 
mined based on the desired detection/monitoring method. For 
example, paramagnetic, Superparamagnetic, or ferromag 
netic Substances (lanthanide chelates, in particular, of Gado 
linium(3+) ion, compounds of the metals of ferrous group— 
iron, nickel, cobalt, Such as Superparamagnetic iron oxide and 
ferrite nanoparticles, and divalent paramagnetic ions, such as 
Mn (2+), and their compounds) are suitable for MRI moni 
toring; radioisotopes, such as 67-Ga, 111-In, 99m-Tc, 125-I. 
123-I, other gamma-emitting isotopes and their compounds 
are Suitable for radiographic methods; electron-dense mate 
rials, such as iodinated organic compounds and barite, are 
Suitable in X-ray imaging; various fluorescent compounds in 
the fluorescence-based imaging, and luminescent probes, 
Such as, luciferin-luciferase system, in the luminescence 
imaging methods. Especially preferred are those non-inva 
sive imaging methods, wherein the anatomical boundaries of 
the diseased region, e.g., a tumor (neoplasm), can be estab 
lished by the same method and observed, along with the 
progress of the liposomal topoisomerase administration, in 
the real time during the administration procedure. These 
methods include, without limitation, MRI, X-ray, and radio 
isotope imaging, wherein MRI is particularly preferred. 
Including a contrast agent (detectable marker). Such as a MRI 
contrast agent, within the composition that also includes a 
liposomally encapsulated drug, such as, topoisomerase I 
inhibitor, affords monitoring of the administration and distri 
bution of the pharmaceutical agent in the target area of the 
brain tissue (Saito, et al., 2005, Experimental Neurology, Vol. 
196, p. 381-389). 

In order to accurately display the distribution of the lipo 
somal drug, the distribution of the detectable marker within 
the composition administered into the tissue must closely 
follow the distribution of the liposomal drug. While in non 
liposomal formulations (e.g., molecular or micellar Solu 
tions) of the drug and/or the marker, the differences in cellular 
uptake and diffusion characteristics of the drug and the 
marker make it difficult to judge the tissue disposition of the 
drug from the image (e.g., MRI) produced by the marker, 
Jiposomal encapsulation of both the drug and the marker 
provided an unexpected advantage of ensuring that the loca 
tion and propagation of both marker and the drug are the 
same. Realizing this advantage, in a preferred embodiment, 
the detectable marker is also in a liposomally-bound, or a 
liposomally-encapsulated form, whereby the marker propa 
gates within the tissue similarly to the liposomally-encapsu 
lated drug. Furthermore, a comparable, prolonged retention 
of the marker and the drug in the liposome ensures that the 
location and propagation of the marker and the drug in the 
tissue during the administration of the liposomal drug com 
position (e.g., via CED to the brain) remain the same, and 
essentially follow the location and propagation of the lipo 
some as a whole. Preferably, more than 80% of the drug and 
the marker, or more preferably, more than 90% of the drug 
and of the marker remain liposomally encapsulated during 
the administration of the drug/marker composition into the 
tissue. 
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The marker may be co-encapsulated, or co-bound, to the 

same liposomal particle as is the drug, as described in more 
detail in the co-pending U.S. patent application Ser. No. 
1 1/888,794 (publication No. 200501 12065, May 26, 2006), 
or encapsulated into, and/or bound to, a liposome other than 
the one that encapsulates the drug (Ibid.). In the latter case, 
care must be taken to ensure that the tissue propagation and 
distribution characteristics of the liposomally encapsulated 
marker are the same as of the liposomally encapsulated drug. 
When the marker is encapsulated into a liposome different 
from the one that encapsulates the drug, it is important to 
ensure that these two liposomes are prepared to have similar 
size, lamellarity (uni-, oligo-, or multilamellar), Surface 
charge (negative, positive, or neutral), and liposome lipid 
composition. In one embodiment, when MRI is a monitoring 
method, paramagnetic chelates of lanthanides, in particular, 
Gd(3+), with EDTA, DPTA, DOTA, DO3A, and their deriva 
tives, preferably those producing non-ionic chelates, such as, 
Gd-DTPA-BMA (gadodiamide) and Gd-HP-DO3A (gadot 
eridol), are used as markers. Typically, a 0.1-3 M, or more 
preferably 0.25-0.5 M aqueous solution of the paramagnetic 
chelate, such as, for example, gadoteridol, is contacted with 
the liposome-forming lipids, e.g. by a thin film/lipid cake 
hydration or ethanol injection methods, with mixing and/or 
other form of agitation to produce a lipid dispersion, which is 
then homogenized by ultrasonication or microfluidization, or 
extruded through polycarbonate track-etched, or other mem 
brane filters with defined pore size (0.03-2 um) to achieve the 
necessary liposome size, matching the size of the drug-loaded 
liposomes. The paramagnetic chelate Solution may optionally 
contain Small amount of the calcium chelate to prevent deple 
tion of calcium from the brain tissue after the administration 
and eventual liberation of the chelate. The homogenization/ 
extrusion step is preferably performed at the temperature 
above the phase transition temperature of the lipid. The sized 
liposomes with entrapped paramagnetic chelate solution are 
then separated from unencapsulated paramagnetic chelate by 
any suitable method known in the art, for example, by dialy 
sis, ultrafiltration, or gel chromatography. The liposomes 
with encapsulated paramagnetic chelate are optionally con 
centrated to the desired potency with regard to the entrapped 
chelate, for example, by ultrafiltration or tangential flow fil 
tration. When using liposomally-entrapped MRI contrast 
agents along with T1-based imaging, it is preferable to pre 
pare marker-containing liposomes using the lipids with low 
phase transition temperature, so that the signal intensity from 
the encapsulated contract agent is not reduced by the 
decreased diffusivity of water across the liposome mem 
brane. For example, liposomes having the size of 50-150 nm 
(preferably 90-100 nm) with the lipid membrane composition 
of any of dioleoylphosphatidylcholine, 1-palmitoyl-2-ole 
oyl-phosphatidylchoiline, egg yolk phosphatidylcholine, or 
partially hydrogenated soya phosphatidylcholine, at 50-80 
mol. 96, preferably 60 mol. 96 of the liposome lipid, and 
balance cholesterol, optionally with 0.5-5 mol.% of PEG 
DSPE, encapsulating 0.5 M gadoteridol (PROHANCE (R)), 
or 0.25 M gadodiamide (OMNISCAN (R)), are prepared as 
above, and added to a liposomal drug formulation to the final 
concentration of Gd chelate of about 0.1-5 mM, preferably 
0.5-3 mM. The combined formulation is administered into 
the brain of a human or animal patient via an intracranially 
inserted cannula using CED under the control by the periodic 
or real time image acquisition by MRI. The distribution of 
these liposomes encapsulating MRI contract agent was 
detected on T1-weighed MR sectional images administered 
by CED in the brain of dogs and monkeys, and was identical 
to the distribution of co-administered similar liposomes pre 
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pared with sulforhodamine B (membrane nonpermeable fluo 
rescent marker encapsulated into the liposome aqueous 
space) or the lipid fluoresnt marker DiICs(3)-DS, detected 
on the post-mortem brain sections (see Example 80). There 
fore, MRI detectable marker was stably encapsulated in these 
liposomes and remained in the encapsulated form during the 
CED administration. 

Co-administering a liposomally encapsulated anticancer 
camptothecin compound, such as topotecan or irinotecan, 
along with the liposomally encapsulated non-invasively 
detectable and imageable marker, Such as gadoteridol, intrac 
ranially, e.g. by CED, under the control of MRI, to a patient 
having a brain tumor allows to constantly adjust the flow rate, 
pressure, and position of the catheter or cannula to achieve 
maximum coverage of the diseased area, therefore improving 
the treatment outcome. The mixture containing liposomally 
encapsulated irinotecan and liposomally encapsulated gadot 
eridol, prepared according to the present invention, was 
intracranially administered using CED under the MRI con 
trol, to dogs with spontaneous malignant brain neoplasms. In 
a multiple treatment regimen, the reduction of the tumor size 
directly correlated with the percent of tumor covered by the 
infusate, as determined from the preinjection MRI assess 
ment of the tumor boundaries, and post-injection MRI assess 
ment of the gadoteridol contrast distribution. The coverage of 
50% or more of the tumor resulted in compete tumor regres 
Sion, as determined by consequent MRI examinations (see 
Examples). 
The brain delivery of a liposomally encapsulated topoi 

Somerase I inhibitor or camptothecin compound drug accord 
ing to the invention can be conveniently practiced by using a 
kit. The kit typically includes a container comprising the 
liposomal drug, dispersed in a pharmaceutically acceptable 
excipient either at the required potency, or in a concentrated 
form, to be diluted prior to administration as required by the 
dose and administration Volume, chosen by a medical prac 
titioner to administer an effective dose of the drug covering 
the whole diseased area of the brain. The kit may also include 
a device for administering the liposomal drug composition, 
comprising a conduit, such as a fluid conduit. Exemplary 
devices of this kind include a catheter, a needle, a capillary, a 
wick, a tubing, or a cannula. Advantageously, a stepped can 
nula, preventing backflow of the liposomal composition may 
be used (e.g., U.S. pat. appl. Ser. No. 1 1/94303, Publ. No. 
20060135945). The kit may also include in a separate con 
tainer, a detectable marker, preferably a liposomally formu 
lated detectable marker, such as, non-invasively imageable 
marker, to be combined with the liposomal drug formulation 
prior to administration. Alternatively, the device in a kit may 
be pre-loaded with the liposomal topoisomerase I inhibitor/ 
camtothecin compound in a liposomal form, with or without 
the detectable marker. The kit may also include an instruction 
material, on any media, providing instructions for a practitio 
ner on how to administer and/or to prepare the liposomal 
topoisomerase I inhibitor composition. 

EXAMPLES 

The following examples are intended to illustrate but not to 
limit the invention in any manner, shape, or form, either 
explicitly or implicitly. While they are typical of those that 
might be used, other procedures, methodologies, or tech 
niques known to those skilled in the art may alternatively be 
used. 
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Example 1 

Preparation of the Solutions of Substituted 
Ammonium Salts 

Trialkylammonium and dialkylammonium Sulfate solu 
tions useful for loading drugs (e.g., doxorubicin) into lipo 
Somes were prepared by diluting Sulfuric acid with water to a 
concentration of 0.25 M and then titrating the sulfuric acid 
solution with one of a variety of amines. The substituted 
amines used in this example were triethylamine, trimethy 
lamine, dimethylamine, diethylamine, or diethanolamine. 
After the addition of the amines, the resulting solution was 
diluted to a final concentration of 0.2 M of the substituted 
ammonium salt. Osmolality was determined using a dew 
point osmometer. The properties of resulting Substituted alky 
lammonium sulfate salt solutions are shown in the Table 1 
below. 

TABLE 1 

Properties of various dialkylammonium and trialkylammonium sulfate 
solutions 

Salt OSmolality, mmol/kg pH 

Dimethylammonium sulfate 472 5.65 
Dimethylethanolammonium sulfate 509 5.72 
Diethylammonium sulfate 519 5.85 
Trimethylammonium sulfate 497 5.81 
Triethylammonium sulfate 559 5.33 

Example 2 

Preparation of Liposomes with Entrapped 
Dialkylammonium and Trialkylammonium Salts, and 

Loading of a Substance into these Liposomes 

Distearoylphosphatidylcholine (DSPC), cholesterol 
(Chol), and N-(methoxy-poly(ethylene glycol)-oxycarbo 
nyl)-distearoylphosphatidylethanolamine (PEG-DSPE) (pre 
pared from poly(ethylene glycol) with mol. weight 2,000) 
were co-dissolved in chloroformina molar ratio of 3:2:0.015, 
and the chloroform was removed at 55-60° C. by rotary 
evaporation. The dried lipid film was then hydrated in a solu 
tion of one of each dialkyl- or trialkylammonium sulfates 
listed in Example 1 at 60°C. for 30 min. The lipid suspension 
was extruded under pressure through two stacked polycar 
bonate track-etched membrane filters with the pore size of 0.1 
um (Coming Nuclepore). The liposome size determined by 
quasielastic light scattering method was approximately 110 
120 nm. Unencapsulated trialkylammonium or dialkylam 
monium salts were removed from the external medium of the 
liposomes by gel filtration using a cross-linked dextrangel 
(Sephadex G-75, Amersham Pharmacia Biotechnology) col 
umn eluted with HEPES-buffered saline, pH 7.2-7.4, and the 
liposomes were collected in a void-Volume fraction of the 
column. Doxorubicin hydrochloride USP (lyophilized pow 
der containing 5 weight parts of lactose per 1 part of doxoru 
bicin) was added to the liposomes at a concentration of 150 ug 
drug?umol of liposome phospholipid. The mixture was incu 
bated at 55° C. for 45 min, chilled on ice for 10 min, and 
unencapsulated drug was removed by gel filtration chroma 
tography using a Sephadex G-75 column eluted with HEPES 
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buffered saline, pH 7.4. The presence of free doxorubicin 
(characterized by the appearance of a slower moving red 
colored band) was visually undetectable. The purified doxo 
rubicin-loaded liposomes were analyzed for phospholipid 
and doxorubicin according to Examples 70 and 71 (spectro 
photometric method), respectively. The resulting drug load 
ing efficiencies are shown in Table 2. 

TABLE 2 

Loading of doxorubicin in liposomes with entrapped solutions of 
dialkyl- and trialkylammonium salts. Input drug phospholipid ratio 

150 Lig/Linol. 

Drug phospholipid ratio 
in liposomes (1g. Imol) 

Entrapment 
Liposome-entrapped salt: Efficiency (%) 

Trimethylammonium sulfate 140.74 - 10.35 93.85.7 
Triethylammonium sulfate 163.81 - 16.41 109.2 11.6 
Diethylammonium sulfate 158.16 18.34 10547.8 
Dimethylethanolammonium 155.08 8.51 1034 - 11.6 
sulfate 

Example 3 

Preparation of Liposomes Containing Various 
Dialkyl-, Trialkyl-, and Heterocyclic-substituted 

Ammonium Sulfate Salts and Loading of 
Doxorubicin into these Liposomes 

The substituted ammonium sulfate salt solutions were pre 
pared as in Example 1 using commercially available alkyl 
substituted, hydroxyalkyl-substituted and heterocyclic 
amines. Liposomes were formed as in Example 1, except that 
instead of the lipid film hydration step, the neat lipids were 
dissolved in ethanol (approximately 100 ul of ethanol for 
every 50 umol of phospholipid) and mixed with the substi 
tuted ammonium salt solution at 60-65° C. so that the result 
ing lipid dispersion contained about 10 Vol.% of ethanol. 

Doxorubicin loading was accomplished by adding doxo 
rubicin solution (2 mg/ml in HEPES-buffered saline pH 6.5) 
to the liposomes at a ratio of 155 ug drug/umol liposome 
phospholipid (PL) and heating at 58° C. for 45 min in a hot 
water bath. The resulting liposomes were separated from any 
residual unencapsulated doxorubicin and analyzed for drug 
and lipid content as in Example 1. The results are shown in 
Table 3. 

TABLE 3 

Loading doxorubicin into liposomes with entrapped sterically hindered Su 
alkyl, dialkyl-, trialkyl- and heterocyclic ammonium salts solutions. 

Amine used to prepare Substituted OSmolality, drug load, mgmmol 
ammonium salt mmol/kg phospholipid 

Trimethylamine 497 49.4 7.9 
Triethylamine 559 49.6 6.9 
Dimethylethanolamine 509 63.1 6.6 
Dimethylamine 472 58.6 7.4 
Diethylamine 519 56.7 13.0 
Diisopropylamine 533 59.9 6.2 
Tris(hydroxymethyl)-minomethane 423 79.9 15.3 
1-Piperidineethanol SO6 53.57.1 
4-Methylmorpholine 465 5249.8 
Piperidine 479 58.5 - 12.5 
1-Methylpyrollidine 492 536 - 12.3 
Dimethylpiperazine 378 58.0 6.5 
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Example 4 

Preparation of Triethylammonium Polyphosphate 
(TEA-Pn) Solution 

Linear Sodium poly(phosphate) having 13-18 phosphate 
units per molecule (Phosphate glass; CALGONR), obtained 
from Sigma Chemical Company) was dissolved in water to a 
concentration of about 1.3 M phosphate. The solution was 
passed through a column packed with 120 mL of Sulfonated 
polystyrene-divinylbenzene copolymer cation exchange 
resin beads (DoweX 50W x8-200, Dow Chemical Co.) in the 
hydrogen form. The column was pre-equilibrated with aque 
ous 3-3.6 MHCl to bring the resin into hydrogen form, and 
washed with deionized water to neutral pH. Fifteen ml of the 
Sodium polyphosphate Solution was applied on the column 
and eluted with deionized H.O.The column eluent was moni 
tored using a conductivity detector. The column outflow cor 
responding to the conductivity peak was titrated with neat 
triethylamine to pH 5.5-6.0. The solution was analyzed for 
residual sodium by potentiometry using a sodium-sensitive 
glass electrode and for phosphate content using an inorganic 
phosphate assay as in Example 1. The Solution having 
residual sodium content of less than 1% was diluted to a final 
phosphate concentration of 0.55 M. The solution typically 
has a TEA concentration of 0.52-0.55 M, pH of 5.5-6.0, and 
osmolality of 430-480 mmol/kg 

Example 5 

Removal of Unentrapped Polyphosphate Salts from 
Liposome Preparations 

Liposomes (120 nm in size) with entrapped fluorescent 
marker 8-hydroxypyrene trisulfonate were prepared accord 
ing to Kirpotin, et al., Biochemistry 36:66-75, 1997, and 
mixed with the solution of sodium polyphosphate. The mix 
ture was loaded on size exclusion columns containing cross 
linked dextran beads (Sephadex G-75), 6% agarose beads 
(Sepharose 6B-CL), or 4% agarose beads (Sepharose 
4B-CL), all from Amersham Pharmacia, and eluted with 
MES-Dextrose buffer (pH 5.5). The effluents were assayed 
for phosphate content using the phosphate assay of Bartlett 
(1959), and for the liposome content by spectrofluorometry. 
Of the studied gel-chromarography carries, Sepharose 

bstituted 

Loading 
ficiency, % 

96.4 4.9 
96.5 - 4.3 
O53 - 4.5 
O234.9 
O1.1 - 8.5 
O3.24.1 
16.1 11.5 
99.0 - 4.5 
98.3 6.2 
O2.38.2 
99.17.8 
O1.94.3 
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CL-6B provided complete separation of the polyphosphate 
from the liposomes at the sample/column bed volume ratio of 
13. 

Example 6 

Preparing Solution of Triethylammonium 
Sucroseoctasulfate (TEA-SOS) 

Sodium Sucrose octasulfate (equivalent weight 144.8) is 
the sodium salt of sucrose derivative in which all hydroxyl 
groups have formed Sulfuric acid esters. Sucrose octasulfate 
(SOS) sodium salt was purchased from Toronto Research 
Chemicals, Toronto, Canada, p?in S699020. Six grams of 
sodium sucrose octasulfate was dissolved in 16.57 ml of 
deionized water to give a final concentration of about 2.5N of 
the Sulfate groups. The Solution was treated by ion exchange 
as in Example 4. The Solution of Sucroseoctasulfuric acid 
obtained as an ion exchange column effluent was thentitrated 
with neat triethylamine to pH 5.7 (neutralization point), and 
the pH and osmolality of the solution were determined. The 
resulting solution had the calculated triethylammonium con 
centration of 0.643 M, pH 5.7, and the osmolality of 530 
mmol/kg. The presence of residual sodium was undetectable 
by potentiometry (less than 0.1%). 

Example 7 

Liposomes Loaded with Irinotecan (CPT-11) Using 
Substituted Ammonium Salts: Preparation and In 

vitro Drug Release in the Presence of Blood Plasma 

In this example, Sulfate, citrate, pyrophosphate, triphos 
phate, and linear polyphosphate (13-18 mer) were studied as 
anions in the liposome-entrapped substituted ammonium salt 
solutions. Phosphate polymers were chosen because of their 
biodegradability and because polyphosphates are found natu 
rally in the cells, as opposed to other synthetic polymeric 
anions (polyacrylate, dextran Sulfate, and the like). Also, the 
Viscosity of Solutions of low molecular weight polyphos 
phates was lower than that of other polymers, making poly 
phosphates more process-friendly. 
The following materials were used for preparation of salt 

Solutions. 
1. Sodium polyphosphate, NaO—PONa), Na, n=13 

18, purchased from Sigma (Product No. P-85 10, “Phosphate 
Glass, Practical Grade', also known as Sodium hexameta 
phosphate or by the brand name CALGON); 

2. Pentasodium tripolyphosphate, NasPO purchased 
from Sigma (Product No.T-5883); 

3. Tetrasodium pyrophosphate decahydrate, 
NaPO7.10H2O, purchased from Sigma (Product No. 
P-9146). 

4. Ion exchange resins DoweX 50WX4 (4% cross-linked 
sulfonated polystyrene resin, 100-200 mesh) purchased from 
Sigma (Product No. 50X4-200) or Dowex HCR-W2 (8% 
cross-linked sulfonated polystyrene resin 50-100 mesh) pur 
chased from Sigma (Product No. I-8880) were used inter 
changeably. The resins were washed by decantation in the 
following order: three times with deionized water, twice with 
1N HCl (3x excess over the resin by volume), three times with 
water, twice with 1N NaOH, three times with water, three 
times with 1N HCl, and three times with water. After the 
decantation, the resins were in H"-form. 

5. Trimethylamine (TMA), aqueous solution 40%, from 
Aldrich Chemical Co. (Product No. 43, 326-8). The concen 
tration was established by acid titration to be around 5.9 N. 
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6. Triethylamine (TEA), 99%, HPLC Grade, from Fisher 

(Product No. 04884). The concentration by acid titration was 
6.9-71 N. 

Water was purified through reverse osmosis, ion exchange, 
and organic removal to achieve organic free "16-18 MOhm’ 
quality. 
Aqueous solutions of pyrophosphate, triphosphate, and 

polyphosphate salts were prepared by ion exchange method. 
Solutions of sodium polyphosphate (3 g in 25 mL of water), 
pyrophosphate (4 g in 27 mL of water), or polyphosphate 
(6.7g in 30 mL of water) were loaded on the column contain 
ing 100 mL (bed volume) of the ion exchange resin prepared 
as above. The column was eluted with water, and fractions 
were collected. The fractions showing acidic pH (pH~3) were 
pooled. Triplicates of 0.5-mL aliquots of the pooled fraction 
containing the phosphate acid were diluted with 20 mL water 
and titrated with 0.100N NaOH to the endpoint of pH 4.5-5.0 
(Fisher analytical solution) to determine normality. The 
pooled fractions after ion exchange were titrated with trim 
ethylamine (to obtain trimethylammonium salts) to pH 5.4- 
5.5. After titration, the solutions were diluted, if necessary, to 
obtain a final concentration of trimethylammonium close to 
0.5 N. 
Trimethylammonium and triethylammonium Sulfates were 

prepared by diluting 1.39 mL of concentrated (17.9M) sul 
furic acid with 80 mL water, and titrating the diluted solution 
with neat triethylamine or aqueous trimethylamine under the 
control of a pH-meter to equivalence point (pH 5.1-5.5). The 
volume was adjusted to 100 mL with water. 
Trimethylammonium citrate solution was prepared by dis 

solving 1.572 g of citric acid monohydrate ACS from Sigma 
(Product No. C-1909) in 20 mL of water, and titrating the 
Solution with aqueous trimethylamine to the point of equiva 
lence. The volume was adjusted to 25 mL with water. 
The solutions were filtered through a 0.2-lum cellulose 

acetate filter using positive pressure. Osmolality and pH of 
the Solutions was measured using a vapor pressure osmom 
eter and glass-calomel electrode pH-meter, respectively. The 
normality of the anion in the phosphate solutions was deter 
mined by blue phosphomolybdate spectrophotometric assay 
(see Example 70) after acid hydrolysis (5 min. 100° C., 3N 
H2SO4). Anion normality took into account only the acidic 
functional groups that are substantially ionized at pH 5.5. 
Cation normality was determined on the basis of the added 
trialkylammonium base. The obtained solutions had the fol 
lowing properties (Table 4): 

TABLE 4 

Properties of substituted ammonium salt solutions for CPT-11 loading 
into liposones. 

cation Osmolality 
Salt normality anion normality pH (mmol/kg) 

TMA citrate O.S8 O.60 S.1 791 
TMA sulfate OSO O.SO 5.4 625 
TMA pyrophosphate 0.44 O.S4 5.4 651 
TMA triphosphate 0.57 O.68 5.4 695 
TMA polyphosphate O49 O.S8 5.5 336 
TEA sulfate O.S4 O.SO 5.35 719 

Cholesterol and DSPC were purchased from Avanti Polar 
Lipids, Alabaster, Ala., USA. PEG-DSPE (PEG mol. weight 
2,000) was from Shearwater Polymers, Huntsville, Ala., 
USA. DSPC, cholesterol, and PEG-DSPE in the weight ratio 
of 3:1:0.1 (molar ratio approximately 3:2:0.03) were dis 
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solved in chloroform (Fisher: Optima grade, stabilized with 
amylene) at 60 mg/mL of DSPC. The solution was dispensed 
into Pyrex tubes at 30 mg of DSPC (0.5 mL) per tube and 
slowly evaporated at reduced pressure using rotary evapora 
tor at 60° C. The lipid films were dried under vacuum (100 
micron mercury, oil pump) for 30-60 minutes at room tem 
perature. 

Dry lipid films were hydrated by gentle shaking in the 
above aqueous salt solutions at 60°C. for 15-20 minutes. The 
lipids formed a milky Suspension (multilamellar vesicles). 
This milky suspension was subjected to five cycles of freez 
ing in the mixture of dry ice and isopropanol (-80° C., 3 
minutes) and thawing in a water bath at 60°C. for 3 minutes. 
Then, the lipid suspension was extruded 10 times (double 
strokes) through two stacked polycarbonate membrane filters 

10 
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for 24 hours. Blank sample contained 0.5 mL of sterile MES 
Dextrose instead of liposomes. The liposomes were isolated 
by gel-chromatography on a beaded cross-linked 2% agarose 
gel (Sepharose CL-2B, Pharmacia; 10 mL bed volume) using 
144 mM NaCl, 5 mM HEPES-Na, pH 7.4 buffer (HBS-5). 
The liposomes appeared at the void volume fraction, while 
plasma proteins and released drug (if any) were retarded by 
the gel. The liposome fractions were assayed for CPT-11 and 
phospholipids, and the drug/phospholipids ratio (output 
ratio) was determined. Readings of the blank samples 
(plasma only) were subtracted from the readings of the lipo 
some-containing samples. Percent of the drug remaining in 
the liposomes after the incubation was determined by divid 
ing output drug/lipid ratio by the input drug/lipid ratio (drug/ 
lipid ratio prior to incubation with plasma). The loading and 
release data are summarized in Table 5. 

TABLE 5 

Loading of CPT-11 into liposomes with tertiary alkylammonium salts and in vitro 
release of the drug in the presence of human plasma. 

Before incubation 
with plasma After incubation with plasma 

drug lipid encapsulation drug lipid drug remaining 
Entrapped salt solution ratio efficiency (%) ratio encapsulated (%) 

TMA sulfate 12725.6 848 - 3.8 132.1 6.9 103.8 - 10.O 
TMA pyrophosphate 136.29.O 90.8 6.O 132.3 S.O 97.1 10.1 
TMA triphosphate 132.9 88.6 1292 97.3 
TMA-Pn 13449.3 89.6 6.2 135.0 - 7.4 100.4 12.4 
TEA sulfate 1311 6.5 874 - 4.4 125.25.0 95.5 8.6 

(Nucleopore, Whatman, pore size 0.1 um) using a manually Example 8 
operated reciprocating extruder (Avanti Polar Lipids) heated 
at 60° C. 
C for five minutes and quenched in ice water (0-4°C.) for 

five minutes. Then, the liposomes were separated from the 
gradient-forming salt solution into the loading buffer MES 
Dextrose (50 g/L of Dextrose ACS, 0.975 g/L of 2-(N-mor 
pholino)-ethanesulfonic acid (MES), and sufficient amount 
of 5M NaOH to bring the pH to 6.4) by gel-chromatography 
on Sephadex G-75. Liposomes appear in the void volume 
fraction (approximately 30% of the column bed volume). 

CPT-11 (Irinotecan hydrochloride) preparation containing 
0.860 mg of the CPT-11 base per 1 mg of the solid was 
dissolved in 0.001N HCl to make a stock solution of 16.5 
mg/mL CPT-11 base. This solution was mixed with the lipo 
somes in MES-Dextrose buffer to achieve the ratio of 150 ug 
CPT-11 per 1 umol of liposome phospholipids. The mixture 
was incubated at 55°C. in a water bath, with occasional gentle 
shaking (approximately every five minutes) for 30 minutes, 
then quickly chilled in ice water (0-4° C.). The liposomes 
were separated from the unencapsulated drug by gel-chroma 
tography on Sephadex G-75, using MES-Dextrose as eluent. 
The encapsulated drug was determined by a spectrophoto 
metric assay (Example 71), and the phospholipids deter 
mined using an extraction assay (Example 70). 

In vitro drug release from so obtained CPT-11-loaded lipo 
Somes in the presence of 50% human plasma was studied as 
follows. Frozen human donor plasma was thawed as 37°C., 
centrifuged at 14,500 g for 10 minutes, and filtered through a 
0.45-lum cellulose acetate Syringe filter. The liposome prepa 
rations with loaded CPT-11 were sterilized by passage 
through 0.2-lum surfactant-free cellulose acetate (SFCA) ster 
ile syringe filter. 0.5-mL of the liposomes were mixed with 
0.5 mL of plasma in sterile 1.5-mL copolymer Eppendorf 
tubes, sealed, and incubated on a rocking platform at 37° C. 
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In vivo Stability of the Liposomes Loaded with 
CPT-11 Using Pyrophosphate, Triphosphate, 

Polyphosphate, Citrate, and Sulfate 
Trialkylammonium Salts 

While camptothecin liposomes may show acceptable drug 
leakage in blood plasma in vitro, the drug may leak more 
quickly in the blood circulation in vivo. Therefore, a panel of 
CPT-11 liposome formulations was screened for drug stabil 
ity in the blood circulation in Vivo using a single time point 
assay in mice. 
The liposomes were prepared and loaded with CPT-11 as 

described in Example 6, with the following modifications. 
Instead of using PEG-DSPE from Shearwater Polymers, we 
used similar PEG-DSPE from Avanti Polar Lipids. To afford 
quantification of the liposome lipid matrix in the blood/tissue 
samples, a non-exchangeable radioactive label, HI-Choles 
teryl hexadecyl ether (H-CHE: (Amersham, USA) was 
added to the chloroform solution of the lipids in the amount of 
0.25 mCi/mmol of phospholipids. The lipid solutions were 
dispensed into Pyrex tubes at 12 mg of DSPC/tube, and lipid 
films were formed by rotary evaporation/vacuum drying. 
Lipid films were hydrated in 0.7 mL of the gradient-forming 
Substituted ammonium salt solutions. Lipid concentration in 
the liposomes with entrapped phosphate-containing salts was 
determined by radioactivity Scintillation counting. The prepa 
rations without entrapped phosphate-containing salts were 
also assayed for phospholipids without extraction as 
described in Example 70, and used as lipid radioactivity stan 
dards. Portions of the liposome-drug mixtures prepared for 
the loading were saved and assayed to confirm the pre-load 
ing ratio of the added CPT-11 to the liposome lipid prior to 
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loading ("input ratio'). Volume-averaged mean and standard 
deviation of the liposome size distribution were determined 
by quasi-elastic light scattering (QELS) using Gaussian 
model. The properties of these liposomes are Summarized in 
Table 6. 

TABLE 6 

44 
All preparations showed the level of drug encapsulation 

after 8 hours in the blood in vivo at 70-80% of the pre 
injection level, while the liposomes containing polyphos 
phate were the most stable (drug encapsulation remains at 
about 100%). 

Characterization of CPT-11 loading into H-CHE-labeled liposomes for in vivo 
stability study 

drug lipid ratio drug lipid ratio 
before loading after loading 

loading 
Entrapped salt solution efficiency (%) 

TMA citrate 159.23.5 156.7 3.6 98.5 - 4.4 
TMA sulfate 156.12.5 156.13.1 1OOO 3.6 
TMA pyrophosphate 164.6 5.8 156.6 4.3 95.2 6.0 
TMA triphosphate 1636 - 5.7 15 6.O- 3.2 95.35.3 
TMA polyphosphate 170.5 - 8.0 1624. 4.0 95.3 6.8 
TEA sulfate 153.3.3 1549 49 101.0 - 5.3 

Six-week-old female CD-1 mice (Charles River) received 
tail vein injections of these liposomal CPT-11 formulations at 
the dose of 10 mg/kg (0.2 mg CPT-11/mouse) in duplicate. 
Eight hours later, the mice were anesthetized and exsan 
guinated through open heart puncture. The blood was col 
lected into heparinized syringes (10-20 ul of 1000 U/ml hep 
arin USP) and transferred into weighed tubes containing 0.4 
ml of the phosphate-buffered physiological saline solution 
(PBS) containing 0.04% EDTA (Gibco BRL), kept on ice. 
The tubes were weighed to determine weights of the blood 
samples, blood cells were separated by centrifugation at 
9,000 g for 5 minutes, and supernatants containing PBS 
diluted plasma, were saved for drug and liposome lipid 
assays. CPT-11 was quantified by fluorometric assay (Ex 
ample 71). Liposome lipid was quantified by quenching 
corrected radioactivity Scintillation counting. The liposome 
and phospholipid-radioactivity standards were counted in 
parallel with the plasma samples. Percent of the drug that 
remained encapsulated was calculated by dividing the drug/ 
radioactivity ratio in the plasma samples by the drug/radio 
activity ratio of the injected liposomes. Due to the fast elimi 
nation of free CPT-11 from the blood (see Example 69) and 
the known stability of the H-CHE against lipid exchange, 
the assays readings were considered indicative of the blood 
content of liposomal CPT-11 and lipid. Percent of injected 
lipid dose (% I.D.) remaining in the circulation was calculated 
assuming 100% of the injected bolus entered the circulation; 
blood volume being 6.3% of the mouse body weight, and 
hematocrit of 45%. The results are summarized in Table 7. 

TABLE 7 

In vivo stability of CPT-11-encapsulation and circulation longevity 
of CPT-11-loaded liposomes in mice at a single point (8 hours) 

post injection. % I.D.,% of injected dose. 

Drug lipid ratio,% of 
pre-injection value 

Liposome lipid, 
Liposome-entrapped salt % I.D. in the blood 

TMA citrate 80.27.8 1883.4 
TMA sulfate 70.1 - 4.8 23.6 1.8 
TMA pyrophosphate 67.3 - 9.2 23.23.1 
TMA triphosphate 70.6 6.O 24.98.2 
TMA polyphosphate 107.5 8.9 2433.4 
TEA sulfate 76.6 13.1 23.6 O1 

liposome size, 
(meant SD) nm. 

1221. 25.3 
122228.4 
121.1 - 19.9 
1224 12.9 
123.O. 12.7 
121.1 - 18.0 
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Example 9 

Blood Pharmacokinetics of CPT-11 Liposomes 
Prepared Using Riethylammonium Polyphosphate 

The formulation of liposomal CPT-11 using triethylammo 
nium polyphosphate salt was prepared as outlined in Example 
3. The lipids—DSPC, cholesterol, and N-(methoxy-poly(eth 
ylene glycol) (M.w. 2000)-oxycarbonyl)-DSPE (PEG 
DSPE) (all from Avanti Polar Lipids, Inc.)—were combined 
as dry powders in the molar ratio of 3:2:0.015 and dissolved 
in 100% ethanol (USP grade, approx. 0.15 mL/100 mg of the 
lipids) at 62-65° C. For pharmacokinetic studies, H-choles 
teryl hexadecyl ether (H-CHE, obtained from Amersham 
Pharmacia) was added to the lipids in the amount of 0.5 
mCi/mmol. of phospholipids as a non-exchangeable radioac 
tive lipid label. The aqueous solution of TEA-Pn (0.5 M 
triethylammonium, pH 5.7-6.2) was prepared as in Example 
4. TEA-Pn solution (10 times the volume of added ethanol) 
was mixed with the lipid solution at 60-65C. and stirred at 
this temperature until a homogeneous milky Suspension of 
multilamellar vesicles was formed. This Suspension was 
extruded 15 times through 2 stacked polycarbonate track 
etched filters (Corning Nuclepore) with the pore size of 100 
nm using argon pressure extruder (Lipex Biomembranes) at 
60-65°C., and resulting unilamellar liposomes were quickly 
chilled in ice and then let attain ambient temperature. Ethanol 
and unincorporated polyphosphate salt were removed by gel 
chromatography on Sepharose CL-4B column eluted with 
MES-Dextrose buffer (5 mM MES, 50 g/L dextrose, pH 
adjusted to 6.5 with NaOH). 
A stock solution of CPT-11 (Irinotecan hydrochloride) 

containing 20 mg/mL Irinotecan base in water was added to 
the liposomes at a drug/lipid ratio of 150-200 mg/mmol phos 
pholipids, and the mixture was incubated with occasional 
agitation for 45-60 minutes at 60-62°C. The incubation mix 
ture was quickly cooled down and incubated for 10 minutes at 
0°C., then allowed to attain ambient temperature. /20 of the 
volume of 2.88 MNaCl was added to adjust to physiological 
ionic strength and improve the removal of membrane-bound 
CPT-11 (as opposed to the drug encapsulated within the lipo 
Some interior). Unencapsulated drug was removed by gel 
chromatography on Sephadex G-25 or G-75 column (Amer 
sham Pharmacia) eluted with HBS-6.5 buffer (5 mM2-(4-(2- 
hydroxyethyl)-piperazino)-ethylsulfonic acid. (HEPES), 144 
mM NaCl, pH 6.5). Liposome fractions eluted in the void 
volume were combined, sterilized by 0.2 micron filtration, 
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and stored at 4-6°C. before use. The liposomes were charac 
terized by lipid concentration, drug concentration, and par 
ticle size as in Example 7. The liposomes had the average size 
of 108 nm and CPT-11 content of 139+18 mg of CPT-11 base 
per mmol of phospholipids. 
The longevity of the liposome lipid and liposome drug in 

the blood and the characteristics of drug release from the 
liposomes in vivo were studied in female Sprague-Dawley 
rats (190-210 g) with indwelling central venous catheters. 
The rats were injected with a 0.2-0.3 mL bolus of H-CHE 
labeled Irinotecan liposomes (0.05 mmol phospholipids, or 
7-8 mg CPT-11 per kg of the body weight). Blood samples 
(0.2-0.3 mL) were drawn at various times post injection using 
heparin-treated syringe. The withdrawn blood volume was 
replenished using phosphate buffered physiological Saline. 
The blood samples were diluted with 0.3 ml of ice-cold PBS 
containing 0.04% EDTA, weighed, and the blood cells were 
separated by centrifugation. The Supernatant fluids were col 
lected and assayed for CPT-11 using the fluorometric proce 
dure of Example 71, and for the liposome lipid label by 
Scintillation radioactivity counting using conventional meth 
ods. The liposome preparations with known drug and 
H-CHE-lipid concentration were used as standards. Radio 

activity standards contain equal amount of diluted rat plasma 
to account for quenching. The amount of CPT-11 and the 
liposome lipid in the blood was calculated assuming the blood 
volume in ml as 6.5% of the body weight in grams, and the 
hematocrit of 40%. The total amount of the lipid and the drug 
in the blood was expressed as % of injected dose (% I.D., 96 
ID) and plotted against post-injection time. The percent of 
drug remaining in the liposomes was calculated by dividing 
the drug/lipid ratio in the blood samples by the drug/lipid ratio 
of the injected liposomes (taken as 100%). Because the plots 
generally showed good agreement with monoexponential 
kinetics (linearity in semi-logarithmic scale), blood half-lives 
of the drug, the lipid, and of the drug release from the lipo 
somes, were calculated from the best fit of the data to 
monoexponential decay equation using the TREND option of 
the Microsoft EXCEL computer program (Microsoft Corp., 
USA). The results are shown on FIG. 1. From the best fit 
parameters, the blood half-lives for lipid and drug were 16.4 
hours and 6.61 hours, respectively. Under these conditions, 
free CPT-11 clears from the circulation very rapidly (see 
Example 69). 
The blood drug/lipid ratio revealed biphasic character of 

the CPT-11 release from the liposomes (FIG.2). In the first 24 
hours, the release of drug followed was linear over time 
(R=0.992) giving evidence for Zero-order release kinetics. 
Only after about 75% of the drug was released at 24 hour time 
point, further release became non-linear. For 24 hours, the 
liposomes released the drug at a constant rate of about 3.6% 
of the initial load/hour. Thus, 50% of the drug was released 
over the period of approximately 14 hours. Zero-order release 
of the drug is an attractive quality in Sustained release formu 
lations, as the rate of drug release remains constant overtime. 

Example 10 

Antitumor Efficacy of CPT-11 Liposomes Prepared 
Using Triethylammonium Polyphosphate Against 

Breast Cancer Xenografts in Nude Mice 

Antitumor efficacy of CPT-11 liposomes was studied in the 
model of human breast carcinoma BT-474, an estrogen-de 
pendent ductal adenocarcinoma that over-expresses C-ErbB2 
(HER2) receptor. BT-474 cells were obtained from American 
Type Culture Collection (Rockville, Md.). A BT-474 sub-line 
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46 
with higher tumor growth rate was established from a fast 
growing Xenograft tumor nodule raised as described below. 
The cells were propagated in vitro in RPMI-1460 medium 
with 10% fetal calf serum, 0.1 mg/mL streptomycin sulfate, 
and 100 U/ml Penicillin G in T-150 flasks, and split 1:3 every 
week. NCR nu/nu female mice (4-6 week old; Taconic Farms) 
were subcutaneously implanted (at the base of tail) with 
60-day sustained-release 0.72-mg 17 B-estradiol pellets (In 
novative Research of America, Inc.), and in two days were 
inoculated subcutaneously in the upperback area with 0.1 mL 
suspension containing 2x107 BT-474 cells in cell growth 
medium. The tumor progression was monitored by palpation 
and caliper measurements of the tumors along the largest 
(length) and smallest (width) axis twice a week. The tumor 
sizes were determined twice weekly from the caliper mea 
surements using the formula (Geran, R.I., et al., 1972 Cancer 
Chemother: Rep. 3:1-88): 

Tumor volume=(length)x(width)/2 

At day 13 after inoculation, the tumor reached an average 
size of 200 mm and the animals were randomly assigned to 
three groups of 13-15 animals. 

Liposomal CPT-11 was prepared as in Example 8 (drug/ 
phospholipid ratio 192 mg/mmol; average liposome size 86.8 
nm). Free and liposomal CPT-11 were diluted with MES 
dextrose vehicle to 5 mg/ml of CPT-11 base The animals were 
injected via the tail vein with free CPT-11, liposomal CPT-11, 
or vehicle only on days 14, 18, 21, and 25 post tumor inocu 
lation. The drug-containing formulations were given at the 
dose of 50 mg CPT-11/kg per injection, which is the average 
of the doses reported in the literature for the CPT-11 studies in 
rodent tumor models. 
To assess treatment-related toxicity, the animals were also 

weighted twice weekly. The observations were made until 
day 60 post inoculation, at which time the estrogen Supple 
mentation pellet was exhausted. Average tumor Volumes 
across the groups were plotted together and compared over 
time. As shown in FIG.3, while free CPT-11 reduced the rate 
of tumor growth, in the group that received liposomal treat 
ment the tumors regressed dramatically. While at day 36 in 
the control group the tumors reached the maximum allowable 
size averaging 3,500 mm, and at day 46 in the group treated 
with free drug the tumors were about 1,000 mm at average, 
at the same time point none of the animals in the liposome 
treated group had a palpable tumor. 
The treatment related toxicity was assessed by the dynam 

ics of animals' body weight (FIG. 4). Neither group revealed 
any significant toxicity. The weight of the animals in the 
control group was consistently increasing. There was a slight 
decrease in the average body weight of the animals receiving 
liposomal CPT-11, by about 3.3%, on the day of the last 
treatment. This weight loss was reversed, however, and the 
animals reached their expected weight. This decrease in the 
mean body weight was not statistically significant by Stu 
dent's t-test compared to pretreatment weight (p=0.274). 
Thus, all treatments were tolerated without significant toxic 
itv. 
Thus, the liposome formulation of CPT-11 obtained by 

loading of the drug via pre-entrapped sterically hindered Sub 
stituted ammonium salt (triethylammonium) of a polyan 
ionic, biodegradable polymer (polyphosphate) showed 
extended blood life, Sustained release characteristics, and 
increased antitumor activity in the studied tumor model with 
out an appreciable increase in toxicity. 
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Example 11 

Comparative Assessment of CPT-11 Loaded 
Liposomes Prepared Using Pre-entrapped 

Triethylammonium Salts: Effect of Liposome Size, 
Drug/lipid Ratio, and the Nature of Pre-entrapped 

Anion 

Two prototype formulations of CPT-11-loaded liposomes 
were prepared, one using the liposomes with pre-entrapped 
TEA-Pn, and the other with pre-entrapped TEA-SOS. Prepa 
ration of these liposomes included the following manufactur 
ing steps. 

1) Combining the lipids by co-dissolving in ethanol. The 
lipid matrix composition consisted of 1,2-Distearoyl-SN 
phosphatidylcholine (DSPC) (Mol. wt. 790) 3 molar parts 
(59.8 mol.%); Cholesterol (Chol) (Mol. weight 387)2 molar 
parts (39.9 mol.%); and N-(omega-methoxy-poly(ethylene 
glycol)-oxycarbonyl)-1,2-distearoylphosphatidyl ethanola 
mine (Mol. weight 2787) (PEG-DSPE) 0.015 molar parts 
(approx. 0.3 mol.%). DSPC and PEG-DSPE were purchased 
from Avanti Polar Lipids, Birmingham, Alabama. Choles 
terol (highest purity grade) was purchased from Calbiochem. 
Dry lipids were weighed with the accuracy of +0.1 mg in a 
borosilicate glass container and combined with absolute etha 
nol at the ratio suitable for the lipid dispersion step below. 
Because of the high transition temperature of DSPC (55° C.) 
the dissolution was typically performed at 55-60° C. until 
clear Solution was obtained. 

2) Preparing the TEA-Pn and TEA-SOS solutions. Sodium 
polyphosphate (n=13-18) was from Sigma Chemical Co., p?in 
P8510. Sodium sucrose octasulfate was purchased from Tor 
onto Research Chemicals, Toronto, Canada, p?in S699020. 
The salts were weighed down and dissolved in water to pro 
vide 1.2-2.5 N solutions. Anion exchangers DoweX 50W x8 
200 or Dowex HCR-W2 in H"-form (available from Sigma) 
were used to convert the sodium salts into free acids. Before 
the first use, the resins were washed by stirring with 3 vol 
umes of the following solutions, followed by decanting: (1) 
1.0-1.2 Maqueous HCl2 times; (2) Water 2 times; (3) 1.0-1.2 
Maqueous NaOH 2 times; (4) Water 2 times; (5) 1.0-1.2 M 
aqueous HCL, 2 times. The Suspension of washed resin in 
water was packed under gravity flow in a suitable size chro 
matography column to have at least 8 mL of the packed resin 
for each mL of the sodium salt solutions. The resin was 
further equilibrated by passage of 2 column volumes of 3.0- 
3.6 Maqueous HCL, followed by 5 column volumes of water 
or until the conductivity of the eluate falls below 1 micro-S. 
After use, the columns were regenerated by sequential pas 
sage of: 1.-1.2 M HCl 3 column volumes; 3.0-3.6 M 
HCl 2 column Volumes; water—at least 5 column Volumes, 
or until the conductivity of the eluate falls below 1 LS, and 
stored under 0.2-um filtered water at room temperature. The 
Pnand SOS sodium salt solutions were applied on the drained 
surface of the column (approximately 1 ml for each 4 ml of the 
packed resin volume) and allowed to flow undergravity at the 
rate of about 1-2 ml/min for the resin bed size of 75-150 mL. 
The column was eluted with water. The eluate was tested for 
conductivity. The fractions with 10 mS or higher conductivity 
were collected. If more concentrated solutions of polyacids 
are required, the collection can start at 20-50 mS, but at the 
expense of somewhat higher loss of the gradient-forming salt. 
In the case of polyphosphoric acid, the collected solution is 
kept refrigerated (0-4° C.) until the amine titration step 
because of the hydrolytic instability of the phosphodiester 
bond at low pH. The collected eluates would have a pH of less 
than 0.7 (typically about 0.4) and conductivity of about 120 
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200 mS. Optionally, the amine titration step is performed 
without delay because the stability of polyphosphate at low 
pH. HPLC-grade triethylamine (99.5+% purity) from Fisher, 
p/n 04884 was used to titrate the acid solutions obtained from 
ion exchange. The normality of neat TEA was determined by 
potentiometric titration. 0.100-mL Aliquots of TEA (0.100 
ml) were taken into 20 ml of water in triplicate. The aliquots 
are titrated with 0.1 NHCl standard solution to the pH end 
point (glass electrode) of 5.5-6.0. The calculated normality 
(7.07 N) was close to the theoretical value of 7.17N. A mea 
sured volume of the polyphosphoric (Pn) acid or sucrose 
octasulfuric (SOS) acid solution was titrated with neat TEA 
under the control of pH (glass) electrode. Thorough stirring 
was required to disperse the amine. Titration endpoint was pH 
5.6-6.2. The volume of added TEA was accurately recorded. 
The volume of titrated solution was measured, and the con 
centration of TEA was calculated on the basis of the added 
TEA volume and normality. Water was added as necessary to 
adjust the TEA concentration to required 0.55+0.05 N or 
0.65+0.03 N, as indicated below. The amount of residual 
sodium in the obtained TEA-Pin or TEA-SOS solutions was 
determined by potentiometry using sodium-selective glass 
electrode (Coming). One mL of the solution was diluted with 
19 mL of water, and the sodium concentration was deter 
mined using the increment method according to the electrode 
manufacturer's manual. The amount of residual Sodium was 
less than 1 mM, typically less than 0.5 mM. The obtained 
TEA-Pn or TEA-SOS solutions were passed through 0.2 um 
cellulose acetatesterile filter using positive pressure feed. The 
final pH and osmolality of the solutions was measured and 
recorded. We use pH calomel micro-combination all-glass 
electrode for pH measurements, and vapor pressure/dew 
point osmometer for osmolality measurements. The solutions 
were stored refrigerated until use. 

3). Preparing lipid dispersion in the gradient-forming 
buffer by mixing of ethanolic solution of the lipids with the 
gradient-forming buffer. The lipids were dispersed in the 
gradient-forming salt Solution using ethanol mixing method. 
All steps were performed at 60-65° C. The lipids were dis 
solved in 100% Ethanol USP at a concentration of about 
0.5-0.6 M of DSPC in a chemical resistant glass pear-shaped 
flask or tube. The gradient-forming salt solution (TEA-Pn or 
TEA-SOS) was pre-warmed to 60-65° C. and added to the 
ethanolic lipid solution at once, and the components were 
thoroughly mixed by Swirling and/or Vortexing. The final 
amount of ethanol was about 10 Vol.%. For preparations of 
the scale in excess of 0.1 mmol phospholipid, the resulting 
Suspension was placedon a rotary evaporator at 60-65C. and 
vacuumized with rotation until the evolution of ethanol 
stopped, as manifested by the end of foam formation. For the 
scale of 0.1 mmol phospholipid or less, ethanol was not 
removed from the lipid dispersion at this step. The resulting 
lipid suspensions were kept at 60-65° C. and used promptly 
for the extrusion step. 

4). Sequential extrusion of the lipid dispersion through 
defined pore membranes. Forthelipid Suspension Volumes up 
to 1 mL we used a manually operated reciprocating extruder 
supplied by Avanti Polar Lipids. The extruder is charged with 
19 mm track-etched filter membranes and thermostatted by 
virtue of a metal heating block. For the volumes from 1 to 10 
mL, we used a thermostatted, gas pressure operated, unidi 
rectional flow extruder from Lipex Biomembranes. The 
extruder is charged with 25 mm filter membranes. The lipid 
suspensions were repeatedly extruded at 60-65° C. using 
manual feed or argon gas pressure, as appropriate, through a 
series of 2 stacked polycarbonate membrane filters (the filters 
from Coming-Nuclepore and Osmonics Corp. were equally 
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suitable) having nominal pore sizes of 100 nm, 80 nm, or 50 
nm. Where the effect of liposome size was of interest, the 
extrusion was stopped at 100 nm, 80 nm, or 50 nm step. The 
exact type of filters used and number of extrusions is indi 
cated below for each experiment. The extruded liposomes 
were kept at 60-65° C. for about 15 min. and quickly cooled 
down to 2-4°C. in an ice bath. After about 15 min. in the ice 
bath, the liposomes were allowed to reach room temperature. 

5). Removal of extraliposomal gradient-forming buffer and 
transfer of the liposomes into a drug-loading buffer. Non 
encapsulated gradient-forming salt was removed, and the 
liposomes were transferred into the drug loading buffer using 
size exclusion chromatography (SEC). Tangential flow filtra 
tion, hollow fiber dialysis, of other scalable step can be used 
in Scale-up manufacture. It is advantageous to ensure the 
complete removal of the extraliposomal polyanion by treat 
ment of the liposomes with an anion-exchange resin (e.g., 
DoweX-1 or DoweX-2 quaternary ammonium cross-linked 
polystyrene beads). Drug-loading buffer contained 50 g/L 
anhydrous Dextrose USP, and 5 mM tissue-culture certified 
HEPES in water, adjusted to pH 6.5 with NaOH. The buffer 
was vacuum-filtered through 0.2 micron Nylon filter (What 
man). The extruded liposomes were chromatographed on a 
column with Sepharose CL-4B (Pharmacia) and eluted with 
the drug-loading buffer. The liposomes appeared in the Void 
Volume fraction and were collected, based on the eluate tur 
bidity, in the volume of about 2x of that applied. The eluted 
liposomes were assayed for phospholipid concentration 
according to Example 70, particle size by QELS, and stored at 
4-6° C. 

6) Incubation of liposomes with the drug. Stock solution of 
CPT-11 (Irinotecan Hydrochloride) was prepared immedi 
ately before mixing with the liposomes by dissolving Irino 
tecan Hydrochloride in water to achieve concentration of 20 
mg/mL drug base. The pH of the solution was between 4.0 
and 5.0. The drug solution was filtered through 0.2 micron 
polyethersulfone (PES) sterile filter using positive pressure. 
Aliquots of the liposomes in the drug loading buffer produced 
at the step 5 above were mixed at room temperature with the 
stock Irinotecan solution to achieve the drug/lipid input ratio 
in the range of 0.15-0.55 g of drug for mmol of liposome 
phospholipid. Particular input drug/lipid ratios are indicated 
below, where appropriate. The pH of the mixtures was 
adjusted to 6.5 with 1 M NaOH, the mixtures in glass vials 
were incubated on the thermostatted water bath at 58-62° C. 
with slow agitation for 30–45 min, quickly cooled down in 
ice-water bath (0-2°C.), and left at this temperature for 15 
min. Then the liposomes were allowed to warm up to room 
temperature for the next step (removal of unencapsulated 
drug and transfer into the storage buffer). This step resulted in 
the encapsulation efficiency of more than 95%, typically 
98-100% in the whole range of studied drug/lipid ratios. 

7). Removal of unencapsulated CPT-11, transfer of the 
liposomes into the storage buffer, final filtration, and storage. 
Unencapsulated drug was removed and the liposomes were 
transferred into the storage buffer using size exclusion chro 
matography. The storage buffer contained 20 mM HEPES, 
135 mM NaCl, pH 6.5 (adjusted with NaOH) in water, and 
was 0.2-micron vacuum-filtered before use. Gel-chromatog 
raphy on Sephadex G-75 (Amersham Pharmacia Biotech) 
was performed essentially as described under Step 2 above. 
CPT-11 liposomes eluted from the column (void volume frac 
tion) were assayed for liposome phospholipid and CPT-11 
(by spectrophotometry, see Examples 70 and 71), and vol 
ume-weighted mean particle size by QELS. The drug con 
centration was adjusted, if necessary, to be in the range of 
2.0-4.0 mg/mL. The liposomes were filtered through 0.2 
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micron polyethersulfone sterile filters and aseptically dis 
pensed into sterile polypropylene vials (Coming Cryo-Vials) 
or PTFE-lined screw-cap borosilicate 4-mL glass vials to 
approximately 70-80% of the vial volume. The vials were 
aseptically closed (in air), labeled, and stored at 4-6°C. 

Example 12 

Effect of Drug/lipid Ratio on the Drug Loading 
Efficiency and In vivo Drug Retention of 

TEA-Pn-containing Liposomes 

Liposomes with entrapped aqueous 0.65N solution of 
TEA-Pn, pH 6.1, osmolality 531 mmol/kg, were prepared 
following the procedure of Example 11. The lipid dispersion 
was extruded ten times through two stacked 100 nm pore size 
polycarbonate filters. Liposome lipid matrix also included 
H-CHE at 0.5 mCi/mmol phospholipid. The liposome size 

before drug loading was 98.5+34.3 nm. The liposomes were 
loaded at initial drug-to-phospholipid ratios of 200,300, 400, 
and 500 mg. CPT-11/mmol phospholipid. The drug and phos 
pholipid amounts in the liposomes were determined by spec 
trophotometry according to Example 71, and by phospholipid 
extraction-digestion-blue phosphomolybdate assay of 
Example 72, respectively. 
To evaluate in vivo drug release rate, the method of 

Example 8 was followed. The liposomes were injected via tail 
vein into 6-week-old female Swiss Webster mice (body 
weight 18-22 g) at a dose of 5 mg CPT-11/kg. At 8 and 24 
hours post injection, the mice, in groups of 3, were anesthe 
tized, and exsanguinated via open heart puncture. The blood 
was mixed with 0.4 mL of ice-cold 0.04% EDTA in PBS, the 
blood cells were separated by centrifugation, and the plasma 
concentration of CPT-11 was measured by spectrofluorom 
etry as described in Example 71. Lipid was determined by 
measuring the amount of H-CHE using quenching-cor 
rected liquid Scintillation counting, and the amount of drug 
retained in the liposomes was calculated by dividing the 
determined drug/lipid ratio by the drug/lipid ratio in the 
injected liposomes. Because of the fast blood clearance of 
free CPT-11, resulting in low blood level, we assumed that all 
assayed drug was in the liposomal form. 
The results are presented in Table 8. The differences 

between drug retention among the groups were not statisti 
cally significant. As a result of these studies, we concluded 
that increasing the drug load up to 500 mg/mmol will not 
adversely affect drug loading or in vivo stability. This ratio 
was adopted for further studies. 

TABLE 8 

The effect of drug lipid ratio on the drug loading and in vivo drug 
retention in Irinotecan TEA-Pin liposones (average it standard deviation). 

Drug remaining in 
the liposomes, 

% of 
pre-injection value 

Drug lipid ratio, 
mg/mmol 

phospholipid 

Input Output % loaded After 8 hours After 24 hours 

2OO 208.4 104.2 54.69.9 9.722.23 
3OO 286.3 95.4 85.214.3 14.52251 
400 348.8 87.2 815 - 18.3 17.31 6.14 
500 S18.9 103.8 66.8 19.6 13.47 144 
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Example 13 

Drug Loading Efficiency of CPT-11 Loading into 
TEA-SOS-containing Liposomes: Effect of 

Liposome Size and In vivo Drug Retention in Mice 

Liposomes with entrapped solutions containing prepared 
as in Example 11 using gradient forming solution having 
0.643 NTEA-SOS, pH 5.7, osmolality 530 mmol/kg. Lipid 
dispersion was extruded ten times through two stacked poly 
carbonate filters with the pore size of 50 nm, 80 nm, or 100 
nm. Liposome lipid matrix also included H-CHE at 1.5 
mCi/mmol of liposome phospholipid. The liposome size was 
determined by dynamic light scattering. The liposomes were 
loaded with CPT-11 at initial drug-to-phospholipid ratios of 
approximately 550 mg Irinotecan/mmol of phospholipid. The 
drug loaded liposomes were sized by QELS and assayed as 
described in Examples 70 and 71. 

Female Swiss Webster mice (8-10 weeks, average 27-30 
grams) were injected via tail vein with these CPT-11 lipo 
Some formulations at a drug dose of 10 mg/kg. The mice were 
sacrificed at 24 hand the blood was collected and assayed for 
CPT-11 and liposome lipids as in Example 11. The results are 
summarized in Table 9. 

TABLE 9 

Irinotecan loading and in vivo drug retention in TEA-SOS liposomes. 

Drug remaining 
in the 

Extrusion Liposome Drug load, mg liposomes after 24 
membrane size, nm Irinotecan/mmol hours in mice, 96 of 

pore size, nm mean SD phospholipid pre-injection value 

50 87.628.1 579.3 24.2 79.23.8 
8O 98.5 - 15.1 571.1 69.7 82.6 2.1 

100 110.8 - 25.2 S67.737.7 86.2 2.7 

Surprisingly, the liposomes with triethylammonium salt of 
Sucrose octasulfate, a non-polymeric polyanionized organic 
hydroxylated organic compound (Sugar), provided dramati 
cally better (4-5 fold) in vivo drug retention in liposomes 
compared with similar liposomes with a polyanionic polymer 
(polyphosphate). 

Example 14 

Blood Pharmacokinetics of CPT-11-loaded 
SOS-TEA Liposomes in Rats 

Liposomes (100 nm extrusion membrane pore size) were 
prepared as described in Example 12 The liposomes was 
administered intravenously at a dose of 10 mg. CPT11/kg to 
two nine-week-old female Sprague Dawley rats (Harlan) 
(body weight about 200 g) with indwelling central venous 
catheter at a dose of 10 mg. CPT-11/kg (17.6 umol of phos 
pholipids/kg). Blood samples were taken at prescribed time 
points and analyzed for drug and liposome lipid content as in 
Example 9. The data were expressed as the '% injected lipid 
dose/ml of plasma and the '% drug retained inside the lipo 
Some at each time point, plotted against post injection time, 
and half-lives for liposome lipid, as well as half-lives for drug 
release from the liposomes, were calculated by best fit to a 
monoexponential kinetic model (FIG. 5). The half-life of 
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drug release from CPT-11 loaded TEA-SOS liposomes was 
56.8 hours, much longer than that of the similar TEA-Pn 
liposomes. 

Example 15 

Antitumor Activity of Free CPT-11, and CPT-11 
Encapsulated into TEA-Pn and TEA-SOS-containing 

Liposomes in Athymic Nude Mice Bearing 
10 Subcutaneous Xenografts of Human Colon 

Carcinoma (HT-29) 

The liposomes were prepared as in Example 11 using TEA 
15 Pn solution with 0.65 M TEA, pH 6.1, and osmolality 531 

mmol/kg, or TEA-SOS solution with 0.643 M TEA, pH 5.7, 
and osmolality 530 mmol/kg. The extrusion included 10 pas 
sages through two stacked polycarbonate membranes with 
pore size 100 nm. The resulting TEA-Pn and TEA-SOS lipo 
somes had the size of 112.3+15.5 nm and 120.5+42.5 nm, 
respectively (mean+SD of the size distribution). The lipo 
somes were loaded with CPT-11 at the input drug/phospho 
lipids ratio of 500 mg/mmol. The resulting liposomes had the 
drug content of 465.6+26.5 (93% loading efficiency) and 
499.9+22.5 mg (100% loading efficiency) of CPT-11/mmol 
phospholipid for the TEA-Pn and TEA-SOS formulations, 
respectively. 
HT-29 cells were obtained from American Type Culture 

Collection, Rockville, Md., and propagated in DMEM 
medium supplemented with 10% fetal calf serum, 50 U/ml 
penicillin G, and 50 ug/mL of streptomycin sulfate at 37°C., 
5% CO, as recommended by the supplier. NCR nu/nu 
homozygous athymic male nude mice (6 week old, weight at 
least 16 g) were obtained from Charles River. The mice were 
inoculated subcutaneously in the right flank with 0.1 mL of 
the suspension containing 5x10" cells suspended in the 
growth medium without antibiotics. Eleven days later the 
animals having tumors with the size between 150 mm and 
350 mm were assigned to the treatment groups according to 
the following method. The animals were ranked according to 
the tumor size, and divided into 6 categories of decreasing 
tumor size. Six treatment groups of 11 animals/group were 
formed by randomly selecting one animal from each size 
category, so that in each treatment group all tumor sizes were 
equally represented. Starting at day 13, the animals received 
four tail vein injections, at the intervals of 4 days, of the 
following preparations: 1) Control (HEPES-buffered saline 
pH 6.5); 2) Free CPT-11 50 mg/kg, administered as freshly 
prepared 5 mg/mL solution in unbuffered physiological 
saline; 3) TEA-Pn liposomal CPT-11 at 25 mg/kg per injec 
tion; 4) TEA-Pn liposomal CPT-11 at 50 mg/kg per injection; 
5) TEA-SOS liposomal CPT-11 at 25 mg/kg per injection; 6) 
TEA-SOS liposomal CPT-11 at 50 mg/kg per injection. The 
animal weight and tumor size were monitored twice weekly 
as described in Example 10. The weight of tumor was sub 
tracted from the animal weighing results to obtain animal 
body weight. The animals were observed for 60 days follow 
ing tumor inoculation. When the tumors in the group reached 
20% of the mouse body weight, the animals in the group were 
euthanized. There were complete tumor regressions in some 
groups without the signs of tumor regrowth at the end of 
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study. The tissues from the tumor inoculation site from these 
animals were collected and preserved for pathological analy 
sis for residual tumor cells. 

The results of this study are shown in FIGS. 6 and 7. Free 
CPT-11 had only minor effect on the tumor growth. All lipo 
Somes had pronounced effect resulting in tumor regression 
later followed by regrowth in most animals. 50 mg/kg dose 
was more effective than 25 mg/kg dose in both TEA-Pn and 
TEA-SOS CPT-11 liposomes. Average tumor doubling times 
calculated from the tumor size data (FIG. 7) were: control— 
4.2 days; free drug, 50 mg/kg 4.8 days; TEA-Pn liposomal 
drug, 25 mg/mg 43.6 days; TEA-Pn liposomal drug, 50 
mg/kg 47.5 days; TEA-SOS liposomal drug at 25 mg/kg 
48.2 days, and TEA-SOS liposomal drug at 50 mg/kg over 
56 days (doubling time was not reached). Thus, liposomal 
CPT-11 prepared according to the present invention was at 
least about 10-fold more active than the free drug, given at the 
same dose and schedule. Unexpectedly, TEA-SOS CPT-11 
liposomes were prominently more effective in reducing 
tumor growth than TEA-Pn CPT-11 liposomes administered 
at the same dose. While in the groups treated with free drug 
and TES-Pn liposomal drug at 50 mg/kg per injection there 
were no animals without tumor regrowth, in the groups 
receiving 25 mg/kg of each liposomal formulation, one ani 
mal (9.1%) was tumor-free at the end of study, and in the 
group receiving 50 mg/kg of TEA-SOS liposomal CPT-11 
formulation, at the end of study 4 animals (36.4%) were 
tumor-free without signs of regrowth. 

The drug manifested some toxicity. The animals receiving 
free CPT-11, but not liposomal CPT-11, experienced tempo 
rary morbidity (loss of alertness, humped posture, ruffled fur, 
decreased mobility) for about one hour after drug injection. 
The animals receiving free CPT-11 suffered permanent loss 
of about 6% of weight during treatment, and did not recover, 
The animals receiving both liposomal CPT-11 formulations 
experienced transient weight loss at the time between second 
and third injections averaging about 5% (at 25 mg/kg) or 
about 9% (at 50 mg/kg) of the pre-treatment value, and even 
tually attained normal weight. Therefore, the toxicity of lipo 
Somal drug was not more than that of the free (non-liposomal) 
drug, while the efficacy of the liposomal drug was Substan 
tially higher. The weight loss was reversed when the drug 
treatment was finished, and all animals recovered their weight 
without terminal morbidity or toxic deaths. Later on, the 
animals gained weight concomitantly with tumor regres 
sions. In the saline control group, animals that developed 
large tumors experienced weight loss evidently due to tumor 
related morbidity. Overall, the liposome drug formulation 
where the drug was loaded into the liposomes having pre 
entrapped polyanionized Sugar (Sucrose octasulfate) proved 
to be the most efficacious while having less toxicity than the 
non-liposomal drug. 

Example 16 

Toxicity of Free and Liposomal CPT-11 in Mice 

Acute toxicities of free CPT-11 and liposome-encapsu 
lated CPT-11 prepared according to the present invention 
were compared by determining the maximum tolerated dose 
(MTD) following single i.v. injection in regular (immuno 
competent) mice. 
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The following materials were used: 
1) CPT-11 (Irinotecan Hydrochloride) preparation having 

Irinotecan Hydrochloride 98.9% by HPLC, and moisture 
7.6%. In this study drug formulations were prepared on the 
“as is basis, without correction for the moisture content or 
the Irinotecan base content. 

2) Liposomal CPT-11 (LS-CPT-11) was prepared as in 
Example 11, using lipid matrix of DSPC 200 mol. parts, 
Cholesterol 133 mol. parts, PEG-DSPE 1 mol. part: 
entrapped solution TEA-SOS having 0.65 M TEA, pH 6.4: 
drug loaded into liposomes in 5 mM HEPES buffer, 5% 
dextrose, pH 6.5, at 60° C. for 30 min at the input drug/lipid 
ratio 500 mg drug/mmol of phospholipid. Loading efficiency 
was >99%. Liposome size (volume average meanistandard 
deviation by QELS): 101+37 nm. Liposomes were formu 
lated in the vehicle, 20 mM HEPES-Na, 135 mM NaCl; pH 
6.5. Drug concentrations in the injected formulations were as 
stated in the Tables below. 

3) Free CPT-11 solution. Free drug stock solution was 
prepared by dissolving Irinotecan Hydrochloride in 5% aque 
ous dextrose at 22 mg/mL, and sterilized by 0.2-um filtration. 
This stock solution was diluted with sterile 5% dextrose prior 
to injection. 

4) Animals. Female Swiss Webster mice, 6-8 week old, 
were from Harlan, USA. 
MTD determination generally followed the protocol 

adopted by the United States National Cancer Institute Devel 
opmental Therapeutics Program. The protocol included the 
following three steps: 

Step 1): Range-seeking step with the dose escalation factor 
of 1.8. The groups of two animals were injected into the tail 
vein with increasing doses of the free or liposomal Irinotecan, 
beginning with the dose of 60 mg/kg, and continuing with the 
dose escalation factor of 1.8, until acute mortality or terminal 
morbidity (within >1 day post injection) is observed in any of 
the animals. The dose one step below the mortality/terminal 
morbidity dose is recorded. 

Step 2): Range-seeking step with the dose escalation factor 
of 1.15. The groups of two animals were injected into the tail 
vein with increasing doses of the free or liposomal Irinotecan, 
beginning with the dose recorded at Step 1, and continuing 
with the dose escalation factor of 1.15, until acute mortality or 
terminal morbidity (within >1 day post injection) is observed 
in any of the animals. The dose one step below the mortality/ 
terminal morbidity dose is recorded at tentative MTD. 

Step 3): Validation step. The group of 5 animals is injected 
i.V. (tail vein) with free or liposomal Irinotecan at tentative 
MTD determined at Step 2. The animals are followed for 7 
days, the animal body weight is recorded twice weekly and 
compared with the pre-injection weight. General health of the 
animals is observed (alertness, grooming, feeding, excreta, 
skin, fur, and mucous membrane conditions, ambulation, 
breathing, posture). If during the observation period there is 
no mortality, progressive morbidity, or weight loss in excess 
of 15% of the pre-injection body weight, the dose is consid 
ered to be validated as acute single injection MTD. If any of 
these effects occur, the experiment is repeated at the next 
lower dose by a factor 1.15. 
The obtain additional statistics for validation step, the body 

weight dynamics of Surviving animals was followed for up to 
11 days post injection. The dose of more than 324 mg/kg of 
the liposomal Irinotecan was impossible to administer 
because of the concentration and injection Volume limita 
tions. The results are presented in Table 10. 
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TABLE 10 

MTD seeking study of CPT-11 formulations in mice. 
RESULTS 

Step 1. increase dose by a factor of 1.8 

Animal body weight, at day post injection: 

inj. Dose drug conc. In. Volume O 1 2 4 5 6 7 11 
drug (mg/kg) (mg/ml) (l) mouse # (g) (g) (g) (g) (g) (g) (g) (g) 

LS-CPT11 60 8 150 1 19.2 18.0 ind 20.3 20.6 20.6 20.0 19.7 
2 19.7 19.3 nd 20.6 20.4 19.6 19.7 20.7 

1OO 12 16S 1 19.5 18.6 nd 19.6 20.0 20.1. 19.4 19.9 
2 20.1 18.9 nd 20.2 21.5 22.2 21.8 22.5 

18O 22 16S 1 19.4 18.4 nd 18.9 19.7 20.5 19.5 20.5 
2 20.0 19.3 nd 19.6 20.6 21.4 21.6 21.7 

324 30.6 210 1 21.8 21.2 21.2 nd 20.2 ind 20.2 ind 
2 21.6 20.4 21.3 nd 20.8 nd 21.4 nd 

free CPT11 60 8 150 1 20.6 20.4 ind 22.1 22.1 22.2 22.0 22.5 
2 19.5 19.1 nd 20.2 20.3 20.4 20.5 21.1 

1OO 12 16S 1 19.3 died 1-2 min after injection 
2 20.1 died 1-2 min after injection 
3 19.9 died 1-2 min after injection 

Step 2. increase dose by a factor of 1.15 

Animal body weight, at day post injection: 

inj. Dose drug conc. In. Volume O 1 2 5 7 
drug (mg/kg) (mg/ml) (l) mouse # (g) (g) (g) (g) (g) 

free CPT11 60 8 150 3 19.9 2O.O 20.9 19.9 21.3 
4 19.5 18.7 19.4 18.8 18.9 

70 8 175 5 20.9 2O.O 20.6 19.3 20.4 
6 22.3 21.8 22.4 22.4 22.8 

8O 8 200 7 20.6 19.9 20.1 19.9 20.9 
8 20.6 20.8 21.1 20.7 21.4 

90 12 150 9 22.3 died 1-2 min after injection 
10 22.4 died 1-2 min after injection 

8 225 11 20.6 died 1-2 min after injection 

Step 3. Validation 

Animal body weight, at day post injection 

inj. Dose drug conc. In. Volume O 3 5 7 
drug (mg/kg) (mg/ml) (l) mouse # (g) (g) (g) (g) 

free CPT11 8O 8 2OO 1 2O2 19.3 2O.O 21.7 
2 2O.S 20.6 2O.S 21.2 
3 20.7 20.6 20.8 21.9 
4 20.8 21.4 22.1 23.0 
5 21.9 21.9 21.6 21.5 

LS-CPT11 324 36.5 18O 6 21.O 2O.O 20.1 2O2 
7 20.4 20.4 2O2 19.2 
8 20.4 19.8 20.3 20.7 
9 20.9 19.9 2O.S 21.5 
10 20.7 19.5 19.8 2O2 

After injection, all mice treated with free CPT11 were sick, short of breath for about 1 h and then recovered 
After injection, all mice treated with LS-CPT11 were normal. 

Thus, while the MTD of free CPT-11 was 80 mg/kg, the 
MTD of liposomal CPT-11, surprisingly, was not achieved 
even at the highest administered dose of 324 mg/kg. There 
fore, liposome encapsulation of CPT-11 according to the 
present invention has reduced the drug toxicity at least 4-fold. 

Example 17 

Storage Stability of CPT-11-loaded TEA-SOS 
Liposomes Against Drug Leakage 

Five batches of liposomal CPT-11 were prepared using the 
TEA-SOS method (Example 11), at the drug/lipid input ratio 
of 500-550 mg/mmol phospholipid. The liposomes were pre 
pared using membrane extrusion through polycarbonate 
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membrane with 80 nm or 100 nm pore size, as indicated in the 
table below. The liposomes were 0.2-lum filter sterilized and 
stored at 3.4-14.5 mg/mL of CPT-11 in 135 mMNaCl, 20 mM 
HEPES-Na, pH 6.5 (storage buffer), at 4-8° C. After the 
indicated storage time, the leaked drug was removed by gel 
chromatography on Sephadex G-75 using the storage buffer 
as eluent. The drug and phospholipid concentrations in the 
liposomes before and after gel-chromatography were assayed 
using spectrophotometry method and acid digestion-blue 
phosphomolybdate method, respectively, as described in 
Examples 70 and 71. CPT-11 liposomes prepared according 
to the present invention were very stable. The leakage of 
CPT-11 from these liposomes during storage was less than 
5% over 6 months (Table 10). 
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TABLE 11 

Encapsulation stability of CPT-11 liposomes during storage (data are 
meant SE). 

CPT-11 Storage 
Liposome Extrusion concentration, time, 96 drug remaining 

Lotti pore size, nm mg/ml months encapsulated 

1 8O 3.44 OO6 6 99.023.77 
2 8O 7.88 O.19 6 102.38 - 4.78 
3 1OO 4.57 0.06 6 96.38 469 
4 1OO 4.62- 0.11 6 95.724.36 
5 8O 14.52 0.42 3 103.45.92 

Example 18 

Liposomes loaded with Topotecan 

Liposomes with entrapped TEA-Pn solution and TEA 
SOS solution were prepared as in Example 11. Stock solution 
of Topotecan Hydrochloride (GlaxoSmithKline, Pa., USA) 
was prepared immediately before mixing with the liposomes 
by dissolving Topotecan Hydrochloride in water at 15-20 
mg/ml, counting on the actual Topotecan HCl content. The 
pH was adjusted to 3.0 with 1 NHC1. The drug solution was 
filtered through 0.2 micron polyethersulfone (PES) sterile 
filter using positive pressure. Aliquots of the TEA-Pn or TEA 
SOS-containing liposomes in the drug-loading buffer were 
mixed at room temperature with the stock Topotecan HCl 
Solution to achieve the drug/lipid input ratio in the range of 
0.15-0.45 g/mmol of liposome phospholipid. Preferred ratio 
was 0.35 g of Topotecan HCl for mmol of liposome phospho 
lipid. The mixtures in glass containers were incubated on the 
thermostatted water bath at 55-62°C. with slow agitation for 
30-60 min, quickly cooled down in ice-water bath (0-2°C.) 
and left at this temperature for 5-15 min. This step resulted in 
the encapsulation efficiency of 89-90% (TEA-Pngradient) or 
97-100% (TEA-SOS gradient). Unencapsulated Topotecan 
was removed, and the liposomes were transferred into the 
storage buffer using size exclusion column chromatography. 
Before application on the column, the ionic strength of the 
liposome preparation was increased by mixing with "/20 vol. 
of 2.88 M aqueous sodium chloride, and the mixture was 
incubated for about 15 min. We unexpectedly found that 
adjusting the ionic strength of the liposome medium from the 
low value during the loading (typically equivalent to less than 
20 mM. NaCl) to the higher value of above 20 mM. NaCl, and 
preferably to 50 mM NaCl and above, improved the removal 
of unencapsulated drug and increased the stability of Topo 
tecan-loaded liposomes against aggregation, possibly by 
facilitating the removal of membrane-bound Topotecan, as 
opposed to the drug encapsulated in the liposome interior. 
The rest of the procedure followed Example 11, step 7. For the 
results, see Table 12 below. 

Example 19 

Preparation of Anti-HER2-immunoliposomal 
Formulations of Topotecan 

Topotecan immunoliposomes specifically internalizable 
by cancer cells overexpressing HER2 (C-ErbB-2) surface 
receptor tyrosine kinase oncoprotein were prepared by con 
jugating Topotecan liposomes to anti-HER2 single chain 
human Fv antibody fragment, F5, selected from the phage 
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display library for its high internalization into HER2-overex 
pressing cells (Poul, et al., 2000, J. Molecular Biology, v. 301, 
p. 1149-1161). F5 is a 27-KDa protein that binds to extracel 
lular domain of HER2 receptor with affinity of about 150 nM, 
causing rapid internalization (Neve, et al., 2001, Biophys. 
Biochim. Res. Commun. v. 280, p. 274-279). For liposome 
conjugation, the method of U.S. Pat. No. 6,210,707 and of 
Nielsen, et al. (2002), Biochim. Biophys. Acta, V. 1591, p. 
109-118, were generally followed. A hydrophilic lipopoly 
mer conjugate of F5 was first prepared. C-terminus of F5 
amino acid chain had an added terminal terminal cysteine 
group (F5Cys). The F5Cys construct was expressed in E.coli 
and isolated from the bacterial lysate by Protein A column 
chromatography. Protein A eluted fractions were adsorbed on 
anion-exchange resin to remove pyrogens and host DNA, and 
treated with a thiol reducing agent to liberate the thiol group 
of the terminal cysteine. The reduced F5Cys was further 
purified by ion exchange chromatography using SP 
Sepharose Fast Flow (Amersham Pharmacia). The purified 
protein was conjugated to a thiol-reactive lipid-poly(ethylene 
glycol) linker, N-(3-(N-maleimido)propyonylamido)-poly 
(oxyethylene)-oxycarbonyl)-1,2-distearoylphosphatidyl 
ethanolamine (Mal-PEG-DSPE), a derivative of PEG with 
mol. weight 2,000 (FIG. 4.1), commercially produced by 
Avanti Polar Lipids, Inc., Alabama, USA. The protein and the 
linker were incubated in aqueous buffer solution at the molar 
ratio of 1:4, and the un-reacted linker was quenched with 1 
mM cysteine. During the reaction, terminal cysteine of F5Cys 
is covalently attached to maleimido group of the linker. The 
resulting F5-PEG-DSPE conjugate was water soluble in the 
form of micelles having high apparent molecular weight 
(500-850 KDa), and was separated from unreacted protein 
(about 25%) by size exclusion chromatography. The amount 
of protein in the purified conjugate was determined by UV 
spectrophotometry at 280 nm, and the amount of the linker 
was assayed using a spectrophotometric method identical to 
that used for phospholipid quantification (see Example 70) 
The purified F5-PEG-DSPE conjugate was stable in water, 
fully immunoreactive, and was stable against denaturation 
and loss of reactivity for at least 1 hour at 65° C. and at least 
3 months at 37° C. 
To prepare anti-HER2 immunoliposomal Topotecan, 

Topotecan-loaded liposomes of Example 18 were mixed with 
F5-PEG-DSPE in the aqueous saline buffer at the ratio of 15 
microgram of protein per 1 micromole of phospholipid (about 
45F5 copies per liposome). The mixture was incubated for 40 
min. at 60° C., chilled on ice, and chromatographed on a 
column with Sepharose CL-4B (cross-linked 4% agarose 
beads, Amersham Pharmacia) to remove residual micellar 
conjugate, unconjugated protein, and any traces of extralipo 
Somal drug that may have been released during the incuba 
tion. The liposomes with membrane-incorporated F5-PEG 
DSPE were eluted with 5 mM HEPES-144 mMNaCl buffer 
pH 7.4, collected in the void volume of the column, sterile 
filtered and dispensed for storage (4-6° C.). The amount of 
liposome-incorporated F5 was typically >80% of the added 
conjugate. It was determined by SDS-PAGE of the liposomes 
with quantification of the Coomassie-stained F5 band by 
densitometry. Drug and lipid concentrations in the immuno 
liposome preparations were determined similarly to non-tar 
geted liposomes. The properties of Topotecan liposomes and 
F5-immunoliposomes (Examples 18-19) are summarized in 
Table 12. 
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TABLE 12 

Characteristics of Topotecan liposomes and immunoliposomes. 

Liposome 
Liposome- F5 scev Drug lipid ratio, % size, 
entrapped attach- g/mol phospholipid encap- Meant 

Salt ment: Input Output Sulation SD, nm. 

TEA-Pl No 1736 155.25.9 89.4 3.4% 96.438.7 

TEA-Pl Yes 1736 156.25.2 90.03.0% 96.233.8 

TEA-SOS No 347.2 340.8 - 14.7 98.2 4.2% 99.1 - 32.6 

Example 20 

Effect of Loading Buffer pH and Drug/lipid Ratio on 
the Topotecan Loading into Liposomes 

Liposomes (DSPC/Chol/PEG-DSPE, 3:2:0.015 molar 
ratio) with entrapped 0.5 N TEA-Pn, pH 6.2, osmolality 413 
mmol/kg, were prepared using the ethanol injection method 
(Example 18), extruded through two stacked polycarbonate 
filters with 100 nm pore size 5 times and with 50 nm pore size 
10 times. The loading buffer was 5 mM MES, 50 g/L Dex 
trose, adjusted to various pHs in the range 5.0-6.5. The lipo 
some size was 73.1+21.3 nm by QELS. The liposomes were 
loaded by mixing a Topotecan stock Solution (20 mg/ml) with 
the liposomes in the loading buffer at the input drug-to 
phospholipid ratio of 100 mg/mmol, incubating the mixture at 
60° C. for 45 min, quenching on ice for 15 min and removing 
the unencapsulated drug using a Sephadex G-75 column 
eluted with 20 mM HEPES, 135 mM NaCl, pH 6.5. Topote 
can and phospholipid were quantified by spectrophotometry 
(Examples 70 and 71). The results (Table 13) indicated that 
Topotecan loading was nearly quantitative in the range of pH 
5.5-6.5. 

TABLE 13 

Effect of loading buffer pH on the % of Topotecan encapsulation 
into the liposomes with entrapped TEA-Pn. 

Loading buffer pH % encapsulation 

S.O SO.12.1 
5.5 97.28.1 
6.O 11S.S. 15.O 
6.5 102.1 - 8.1 

The effect of drug to lipid ratio (0.15-0.45 mg/mmol phos 
pholipid) on the loading efficiency was also studied. The 
liposomes with entrapped TEA-Pn (0.5 M TEA, pH 5.8, 
osmolality 480 mmol/kg) were prepared as above, except the 
final extrusion step was ten times through two stacked 0.08 
um polycarbonate filters. The loading was at pH 6.5. The 
liposome size was 93.1+15.1 nm by QELS. The results (Table 
14) showed that drug loading efficiency was over 85% over 
the whole range of drug/lipid ratios studied. 
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TABLE 1.4 

Effect of drug?lipid ratio on the encapsulation efficiency of 
Topotecan into the liposomes containing TEA-Pn. 

Topotecan/phospholipid ratio. Ingmnol 

Input ratio Output ratio (after loading) 96 encapsulation (mean iSE) 

168.2 166.9 11.1 99.2 - 6.6 
224.4 232.5 47.6 103.7 21.2 
280.3 2S3.S. 19.8 90.4 7.O 
336.4 298.3 18O 88.75.3 
392.5 361.236.8 92.09.4 
448.5 394.9. 29.5 88.0 - 6.6 

Example 21 

Topotecan Liposome Stability In vitro in the 
Presence of Plasma 

Liposomes (DSPC/Chol/PEG-DSPE, molar ratio 
3:2:0.015) with entrapped 0.5 NTEA-Pn, pH 6.2, osmolality 
413 mmol/kg, were prepared as described in Example 18. 
Liposomes with the size of 96.4+29.3 nm were produced by 
extrusion ten times through two stacked 100 nm pore size 
polycarbonate filters. For quantitation of the liposome lipid in 
plasma, H-CHE was included in the lipid solution at 0.5 
uCi/umol of DSPC. Topotecan was loaded at pH 6.0, 58° C. 
for 45 min at a drug/phospholipid ratio of 150 mg/mmol. The 
efficiency of loading was 148.48+10.26 Jug Topotecan/umol 
phospholipid (99.0+6.8%). 
The liposomes were incubated with 50% human plasma in 

a multiwell microdialysis device (Spectra-Por MicroDialyzer 
10-well, Spectrum, USA). Human donor plasma was diluted 
by the equal volume of HEPES-buffered saline (20 mM 
HEPES, 135 mM NaCl), pH 6.5, containing 0.02% sodium 
azide and charged into the lower reservoir of the dialyzer (32 
mL). The wells (0.4 mL) were separated from the reservoir by 
a polycarbonate membrane with 30 nm pore size, to afford 
free passage of plasma proteins and Small molecules but not 
the liposomes. The liposomes were mixed with calculated 
amounts of plasma and HEPES-buffered saline to achieve the 
concentration of 2.5 mM phospholipid and 50 vol. 9% of 
plasma. The device was incubated at 37°C., and the contents 
of the reservoir were stirred slowly. After 8 hours of incuba 
tion, the contents of the lower reservoir were changed for 
fresh 50% plasma. At the given time points (see below) 50-uI. 
aliquots were withdrawn from the wells, and chromato 
graphed on the columns containing 2.2-2.4 mL of Sepharose 
CL-2B, eluent HEPES-buffered saline to separate the lipo 
Somes from plasma proteins and free drug. The liposomes 
were collected in the void volume fractions. Topotecan was 
quantified by fluorometry using excitation at 384 nm and 
emission at 524 nm after solubilization of the plasma samples 
in 90% aqueous isopropanol-0.1 NHCl, and the lipid was 
quantified by scintillation counting of H-CHE (quenching 
corrected). The determined drug-to-lipid ratio at time was 
compared to the initial ratio prior to incubation to obtain the 
% of Topotecan that remained encapsulated at each time 
point. After 8 hours of incubation, the amount of drug remain 
ing in the liposome was about 55% of its initial value (Table 
15). 
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TABLE 1.5 

In vitro release of Topotecan from the liposomes loaded by 
TEA-Pin gradient in 50% human plasma at 37° C. 

Incubation time, hours % drug remaining encapsulated 

1 95.SS.4 

4 76.8 7.3 

8 55.94.1 

24 55.4 16.8 

Example 22 

Topotecan Liposomes with Entrapped TEA-Pn 
Gradient at Various Drug/lipid Ratios: In vivo Drug 

Retention and Circulation Longevity in Mice 

The liposomes (DSPC/Chol/PEG-DSPE at 3:2:0.015 
molar ratio, containing H-CHE at 0.5 mCi/mmol DSPC) 
with encapsulated gradient-forming salt solution (0.5NTEA 
Pn, pH 6.2, osmolality 413 mmol/kg) were prepared as in 
Example 18 using extrusion 12 times through two stacked 
100 nm pore size polycarbonate filters. The liposome size was 
107.7+19.1 nm by QELS. The liposomes in 5 mM HEPES, 50 
g/L Dextrose, pH 6.5 were mixed with the aqueous stock 
Solution of Topotecan (20 mg/ml) at drug/phospholipid ratios 
in the range 130-360 g/umol, followed my incubating the 
mixture at 58° C. for 45 min, placing on ice for 15 min and 
removal of unencapsulated drug by Sephadex G-75 chroma 
tography. Twelve-week old female FVEB mice were injected 
with the liposomes via the tail vein at a dose of 5 mg Topo 
tecan per kg body weight (approx. 0.2 mg Topotecan/animal) 
in triplicate. At indicated times, typically 8 hours or 24 hours 
post injection, the mice were anesthetized, exsanguinated, 
and the blood samples were assayed for the drug and the 
liposome lipidas in Example 8. The results are shown in Table 
16. After 24 hours, about 6-32% of the initial drug load 
remained encapsulated. Higher loads of the drug (>200 
mg/mmol phospholipid) resulted in longer drug retention. 

TABLE 16 

In vivo drug retention and circulation longevity of prototype 
Topotecan liposomes loaded using TEA-Pin gradient 

method to different drug lipid ratios. 

Lipid remaining 
in circulation, % 

Topotecan remaining 
encapsulated, 
% of initial load Encapsulated injected dose 

drug phospholipid After After 
ratio, mg/mmol 8 hours. After 24 hours. After 8 hours 24 hours 

127.2 10.9 36.12.O 18.7 8.1 S1.77.1 6.72 2.5 
2O7.2 21.6 32.15.2 9.84 - 1.88 756 - 130 13.835 
301.3 24.5 34.4 3.2 8.04 4.25 79.2 4.2 256 4.4 
360.3 35.6 33.6 24 868 - 4.96 73.57.0 32.39.8 
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Example 23 

In vivo Drug Retention and Circulation Longevity of 
Topotecan Liposomes Loaded Using Different 

Entrapped Ammonium and Triethylammonium Salts 

The liposomes composed of DSPE, cholesterol, and PEG 
DSPE (3:1:0.1 by weight), also containing H-CHE at 0.22 
mCi/mmol DSPE, were prepared as in Example 18, except 
that the extrusion step included 10 passages through 2 stacked 
200-nm pore filters, 10 passages through 2 stacked 100-nm 
pore filters, and 20 passages through 2 stacked 50-nm pore 
filters. The liposomes contained the following salt solutions: 

0.5 N ammonium dextran sulfate solution (A-DS) was 
prepared from sodium dextran sulfate (M.w. 5000), pur 
chased from Sigma, and converted into ammonium salt by the 
ion exchange procedure similar to that of Example 4. The 
solution of dextran sulfuric acid was immediately titrated 
with 12.4 Maqueous ammonia. The A-DS solution has pH 
5.66, osmolality 208 mmol/kg. 

0.48 Nammonium sucrose octasulfate (A-SOS) was pre 
pared similar to Example 6, but ammonium hydroxide was 
used for titration. The solution had pH 6.27, osmolality 258 
mmol/kg. 

0.47 Mtriethylammonium sucrose octasulfate (TEA-SOS) 
was prepared as in Example 6. The solution has pH 6.6, 
osmolality 297 mmol/kg. 

Topotecan was loaded into the liposomes in the aqueous 
solution of 10 mM MES-Na, 50 g/L dextrose, pH 6.5, by 
incubating the liposomes with the drug at 61-62°C. and input 
drug/phospholipid ratio of 346+1 mg/mmol, for 40 min, fol 
lowed by incubating on ice for 10 min. The liposomes were 
purified from unencapsulated drug by chromatography on 
Sephadex G-25, eluent—aqueous 2 mM Histidine, 144 mM 
NaCl, pH 6.6 (HCl). 

Seven to nine week old female Swiss Webster mice were 

injected via the tail vein with these liposomal Topotecan 
formulations at the dose of 5 mg Topotecan per kg body 
weight (approx. 0.2 mg Topotecan/animal) in triplicate. After 
8 hours or 24 hours post injection the blood was collected and 
analyzed for Topotecan and liposome lipid as in Example 22. 
The results are presented in Table 17 below. While all three 

liposome formulations demonstrated very close liposome cir 
culation longevity, having about 23-28% of the injected dose 
remaining in blood 24 hours post injection, unexpectedly the 
drug retention in TEA-SOS liposomes and in A-SOS lipo 
somes was better than in A-DS liposomes both in terms of 
magnitude (about 2-fold improvement in drug retention) and 
statistical significance (statistical significance at 95% confi 
dence level by 2-tailed non-paired Student's t-test p=0.0257 
and p=0.00995, respectively; and by Mann's U-test the dif 
ference was significant with CL=0.01). Drug retention in TEA 
SOS containing Topotecan liposomes was better than in 
A-SOS containing Topotecan liposomes. 
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TABLE 17 
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In vivo drug retention and circulation persistence of Topotecan liposomes prepared 
using TEA-SOS, ammonium-SOS (A-SOS), and ammonium dextran sulfate (A-DS. 

Lipid remaining in 
circulation, % 

Topotecan remaining 
encapsulated, 96 of 

Drug phospholipid injected dose initial load 

ratio, Loading Liposome After 8 After 24 After 8 After 24 
Gradient mg/mmol efficiency,% size, nm hours hours hours hours 

A-DS 288.1 20.6 83.3 6.0 76.9 22.7 43.7 1.2 27.7 - 1.5 43.6 6.8 18.7 1.5 

A-SOS 346.214.3 1OOO 4.1 99.728.9 42.322 23.42.O 53.3 O.8 31.3 3.2 

TEA-SOS 340.8 - 14.7 98.5 - 4.2 99.132.6 42.1 - 23 230 2.9 57.05.6 38.1 6.1 

Example 24 calculated as 6.5% of the body weight. The percent of Topo 

Drug and Lipid Plasma Pharmacokinetics of 
Liposomal Topotecan in Rats 

The circulation longevity and Topotecan release param 
eters were assessed in rats. The liposomes (DSPC/Choles 
terol/PEG-DSPE molar ratio 3:2:0.015) were prepared by 
ethanol mixing/extrusion method and loaded with Topotecan 
using TEA-Pn gradient or TEA-Sucrose octasulfate (TEA 
SOS) gradient as described in Example 18 and loaded at 
various drug/lipid ratios (15-450 mg/mmol phospholipid). 
For lipid matrix quantification, the liposome lipid contained 
3H-CHE at 0.5-1.5 mCi/mmol DSPC. Female Sprague 
Dawley rats (6-8 week old; body weight about 200 g) with 
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tecan retained in the liposomes was calculated by comparing 
the drug/lipid ratio at a given time point to the drug/lipid ratio 
of the injected liposomes. Table 18 below summarizes blood 
half-lives of the lipid, the drug, and the half-lives for drug 
release, as well as other properties of the liposomes. Pharma 
cokinetic (PK) curves are shown on FIGS. 8A (lipid) and 8B 
(drug/lipid ratio). In summary, the blood PK curves for both 
drug and lipid fit well to single exponent model (R 0.984 
0.999). Despite their 90-100 nm size and very small amount 
of PEGylated lipid (0.3 mol.%), the liposomes unexpectedly 
showed good circulation longevity (plasma half-lives of the 
lipid component were in the range of 11-16 hours). The slow 
est release of Topotecan (half-time 22.9 hours) was observed 
with the liposomes loaded using the TEA-SOS method. 

TABLE 1.8 

Circulation half-life (t2) of lipid, drug, and half-time for drug release from the 

Entrapped salt, 
and concentration 

TEA-Pin O.SN 

TEA-Pin O.SN 

TEA-SOS 0.643N 

indwelling central venous catheters were injected i.V. (via the 
catheter) with the Topotecan liposomes at the dose of 4-5 
mg/kg of body weight. The catheter was flushed with saline. 
At selected times (up to 48 hours post injection) the blood 
samples (0.2-0.3 mL) were drawn via the catheter into hep 
arinized syringes, mixed with 0.4 mL of cold phosphate buff 
ered saline with 0.04% EDTA, blood cells were separated by 
centrifugation, and the Supernatants (PBS-diluted plasma) 
were assayed for lipid by H-CHE radioactivity counting 
(quenching corrected), and for Topotecan by fluorometry 
(Example 71). The assay results were corrected for plasma 
dilution, calculated from the weight of obtained blood sample 
and assuming a hematocryt of 40%. The total blood dose of 
the drug and lipid was estimated from the blood volume 
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prototype Topotecan liposomes in rats. 

Topotecan load, Liposome Injected t2 to t12 of drug No. of 
mg/mmol size, nm dose, lipid, drug, release, animals 

phospholipid (meant SD) mg/kg hours hours hours pergroup 

124.39.7 92.3 - 23.3 4 15.8 4.13 S.34 3 

360.3 35.6 107.7 19.1 5 12.8 6.06 9.97 2 

439.2 15.9 108.8 13.4 5 10.8 7.36 22.87 2 

Example 25 

Drug Stability Against Leakage During Storage of 
Topotecan Liposomes 

The samples of several prototype formulations prepared 
for the above-described studies, were stored at 4-6° C. for 
various times to assess the storage Stability of the encapsu 
lated Topotecan against drug leakage from the liposomes. The 
liposome samples were passed through Sephadex G-75 col 
umns, eluted with 20 mM HEPES, 135 mM NaCl, pH 6.5, to 
remove extraliposomal drug, and analyzed for drug content 
by spectrophotometry and for lipid by 3H-CHE radioactiv 
ity counting. The results (Table 19) indicate good retention of 
Topotecan in the liposomes during storage. 
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TABLE 19 

Drug retention in prototype Topotecan liposomes during storage. 

Initial drug load, Storage Drug load after 
Liposome gradient-forming Liposome size, mg drug mmol time, storage as % of 
Salt meant SD, nm phospholipid months initial 

TEA-Pn 0.500 N pH 6.2 96.4 29.3 1485 - 10.3 8 101.6 5.5 
TEA-Pn 0.500 N pH 6.2 107.7 19.1 127.2 10.9 6 94.6 6.2 
TEA-Pn 0.500 N pH 6.2 107.7 19.1 2O7.2 21.6 6 113.99.4 
TEA-Pn 0.500 N pH 6.2 107.7 19.1 301.3 24.5 6 112.99.3 
TEA-SOS 0.643 N pH 5.6 108.8 13.4 439.2 15.9 2 97.89.4 

Example 26 The results of two experiments are summarized in Table 20 
15 below. There was prominent cellular uptake of HER2-tar 

geted liposomal drug (50-300 times higher than of no-tar 
geted liposomal Topotecan). Interestingly, uptake of free 
Topotecan was also significantly lower than of HER2-tar 
geted immunoliposomal Topotecan. This may be explained 

This study addressed the capacity of Topotecan-loaded by rapid hydrolysis of the camptothecin lactonering of Topo 

In vitro Uptake of Liposomal and Immunoliposomal 
Topotecan by HER2-overexpressing Cancer Cells 

anti-HER2-immunoliposomes prepared according to the tecan molecule in the cell growth medium in the presence of 
invention to deliver Topotecan specifically into HER2-over- serum, generating the carboxylate form of the drug which 
expressing cells in cell culture. The (immuno)liposomes were may have lower cell permeability and lower cytotoxicity. In 
prepared and loaded with Topotecan using TEA-Pn method Summary, the ability of cell-targeted, internalizable, ligand 
of Example 19. HER-2 overexpressing human breast carci- conjugated immunoliposomes to deliver Topotecan intracel 
noma cells (SKBr-3, ATCC) were grown in modified McCoy lularly was confirmed. 

TABLE 20 

In vitro cellular uptake of Topotecan liposomes and anti-HER2 immunoliposomes 
containing TEA-Pin (nd, not determined). For liposome characteristics see Table 12. 

Liposome Topotecan uptake by 
concentration, Topotecan SK-Br-5 cells, ng/100.000 cells 

mM concentration Exposure Non-targeted F5 
phospholipid Ig/mL time, hours liposomes Immunoliposomes Free drug 

O.1 15.5 4 145 - 0.09 1635.7 ind 
O.O1 1.55 4 O.185 O.O3 60.22.O ind 
O.O33 SO 8 3.62 2.03 1696 - 13.7 5.56 - 0.91 

40 

5A medium (without tricine) supplemented with 10% fetal Example 27 
calfserum, 50 g/mL streptomycin sulfate and 50U/ml peni 
cillin G (complete growth medium) in T-75 flasks at 37°C., Cytotoxicity of Liposomal and Immunoliposomal 
5% CO, to confluency. The cells were harvested by Topotecan Against HER2-Overexpressing Cancer 
trypsinization, inoculated into 24-well cell culture plates at 45 Cells In vitro 
150,000 cells/well in 0.5 mL of the complete growth medium, 
and allowed to acclimate overnight. The medium was Once the capacity of anti-HER2 Topotecan immunolipo 
replaced with 0.5 mL of complete growth medium containing somes for intracellular drug delivery into HER2-overexpress 

ing cancer cells was established (Example 26), it was impor 
50 tant to ensure that the internalized liposomes can release the 

drug in its active form. To this end, in vitro cytotoxicity of the 
free Topotecan (i.e., Topotecan formulated as a solution), 
liposomal Topotecan, and anti-HER2-immunoliposomal 
Topotecan was studied. The liposomal Topotecan formula 

Topotecan formulations at the selected concentration in the 
range of 0.01-0.1 mM phospholipid. Triplicate wells were 
used for each condition. Control wells were incubated in the 
absence of drug and/or liposomes (to obtain background 
readings for drug assay). The plates were incubated with slow 

O O 

R at re i % SR hours. E. his 55 tions were prepared, and SKBr-3 cells were grown and har 
aspirated, and the cells were rinsed 4 times with l mL portions vested as described in Example 26. The cells were inoculated 
of cold Hanks balance salt solution containing Ca and Mg into 96-well cell culture plates at 5,000 cells in 0.1 mL of the 
salts. The cells were solubilized by adding 0.1 mL of 1% complete growth medium, in triplicate, and left to acclimate 
Triton X-100 in water, and the amount of drug in the cell overnight. Edge-most rows and columns of the plate were left 
lysates was determined by fluorometry (Example 71). The 60 empty. Sterile preparations of Topotecan liposomes, immu 
standard curve was obtained in the range of 10-2500 ng noliposomes, or free drug (freshly prepared by diluting Topo 
Topotecan/well, and fit to second order polynomial (to tecan 20 mg/mL stock, pH 3, into unbuffered saline to 2 
account for self-quenching at higher drug concentration) after mg/mL) were diluted with complete drug medium to achieve 
Subtracting the cell autofluorescence background. When a concentrations starting from 90, 30, or 10 ug/mL and serially 
microplate fluorometer was used, the filter selection was 400/ 65 diluted down in the medium by the factor of 3. The media in 
30 nm for excitation, 530/25 nm for emission. Both cuvette- the wells were replaced with 0.2 mL of drug/liposome dilu 
and microplate fluorometers gave the same results. tions, and incubated at 37°C., 5% CO, for specified time (4-6 
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hours). One well in each row was incubated with drug-free 
medium to serve as a non-treated control. The drug-contain 
ing media were aspirated from the wells, the cells were rinsed 
with 0.2 mL of drug-free medium, and 0.2 mL of fresh drug 
free medium was added to all wells. The plates were incu 
bated for 4 days at 37°C., 5% CO. Without medium change, 
0.03 mL of the 2 mg/mL solution of a tetrazolium dye (Thia 
Zolyl Blue, MTT) (Sigma Chemical Co.) in serum-free 
medium was added to each well. The plates were incubated 
for additional 2-3 hours at 37° C., 5% CO. The media were 
aspirated, and the wells were filled with 0.2 mL of 70 Vol.% 
aqueous isopropanol, 0.075 NHCl, and agitated gently until 
the formazan dye dissolves (15-30 min). The optical density 
of the formazan Solutions was determined using microplate 
photometer at 540 nm. The cell viability as % of non-treated 
control was calculated as the ratio of the optical density in the 
experimental wells to the optical density in the wells contain 
ing non-treated cells, corrected for background. The data 
were plotted against the drug concentration, and the IC50 
dose was estimated graphically from intersection of the 
viability-concentration curve with the 50% viability line. 
The results are presented in FIG.9. The drug dose resulting 

in 50% growth inhibition (ICs) for free Topotecan or non 
targeted liposomal Topotecan was in excess of 30 g/mL, for 
F5-Immunoliposomal Topotecan, 0.15ug/mL. These results 
are consistent with the targeted drug uptake data. 

Example 28 

Comparative Stability and Plasma Pharmacokinetics 
of Liposomal and F5-immunoliposomal Topotecan 

in Mice 

Topotecan liposomes containing radioactive lipid label 
H-CHE at 1.5 mCi/mmol of phospholipid were prepared 

according to Examples 11 and 19 using an ethanol lipid 
Solution mixing-extrusion procedure under the following 
conditions: gradient-forming salt solution: 0.643 N triethy 
lammonium Sucrose octasulfate; polycarbonate membrane 
extrusion: 15 passages through 2 stacked PCTE filters, 80 nm 
pore size; Topotecan loading: drug/phospholipid input ratio 
350 mg/mmol (calculated for Topotecan free base); F5 schv 
conjugation was performed as described in Example 19. The 
liposomes had the following characteristics: 

Size by QELS: weight average 101.2 nmi; standard devia 
tion, 20.1 nm. 

Drug encapsulation: Topotecan liposomes (Topo-LS) 
359.3+27.4 mg/mmol phospholipid; Topotecan F5scFV-im 
munoliposomes (Topo-F5-ILs) 326.3+15.9 mg/mmol phos 
pholipid. 
The study was performed generally as in Example 22. The 

groups of nine male Swiss Webster mice (8-10 week old, 
24-27 g) were injected via tail vein with Topo-Ls, Topo 
F5ILs, or freshly prepared Topotecan 1 mg/mL in unbuffered 
saline, at the dose of 5 mg Topotecan base per kg of the body 
weight (equivalent to the lipid dose of 14-16 umol of phos 
pholipid/kg body weight). At 1 hour, 8 hour, or 24 hour post 
injection time points, 3 animals per time point were exsan 
guinated via open heart punction under Ketamine/Xylazine 
anesthesia, the blood was collected into tubes containing 
PBS-EDTA, and assayed for Topotecan (fluorometry) and 
liposome lipid (by radioactivity Scintillation counting). The 
amounts of drug and lipid dose remaining in the blood at 
given time points were calculated from the administered dose 
being taken as 100%, assuming the blood amount per animal 
as 6.3% of the body weight, and packed blood cell fraction of 
45%. The amount of drug remaining encapsulated in the 
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liposomes at each time point was calculated for each animal 
individually by comparing drug/lipid radioactivity ratio of the 
plasma samples with that of the injected liposomes. The 
amount of free Topotecan in the plasma samples collected at 
1 hour post injection was less than 1% of the injected dose 
(indeed, they were below the detection limit of our assay 
method); therefore, further time points of the free Topotecan 
group were not studied. Because of the fast blood clearance 
and low blood levels of free Topotecan we assumed that 
essentially all Topotecan found in the blood at all time points 
represents liposomally encapsulated Topotecan. 
The results are summarized in Table 21 below. Remark 

ably, the liposomes prepared according to the invention 
retained 79-85% of the original drug load even 24 hours after 
injection into the bloodstream of the animals. The differences 
between average plasma values of the lipid or drug between 
the liposome and immunoliposome groups were in the range 
of 1.8-13.6% and were close to, or within the range of assay 
errors. Probabilities of the null hypothesis between the lipo 
Some and immunoliposome group with regard to drug or lipid 
values at each time point, calculated using Student's t-test, 
were in the range of 0.543-0.938. We conclude that the dif 
ferences in residual blood levels of the drug or lipid between 
the two preparations were negligible and statistically indis 
tinguishable. 

TABLE 21 

The amounts of liposome lipid, Topotecan, and of Topotecan 
remaining encapsulated in the liposomes in the plasma 

of mice at various time points post i.v. iniection. 

Drug Lipid, 
Lipid, % of Drug, % of % of pre 

Time post injection injected dose injected dose injection value 

F5-conjugated liposomal Topotecan (Topo-F5ILs): 

1 hour 57.584.95 SS.457.23 96.14 - 7.32 
8 hours 35.373.84 34.185.87 96.31 - 11.92 

24 hours 15.51 - 11.84 12.30 - 9.02 79.36 8.03 
Liposomal Topotecan (unconjugated) (Topo-Ls): 

1 hour 58.889.51 57.639.45 97.90 S.29 
8 hours 39.61 - 1.99 38.82 - 149 98.06444 

24 hours 15.84 - 3.85 13.45 2.64 85.2S 7.03 

Example 29 

Antitumor Efficacy of Liposomal and 
Anti-HER2-immunoliposomal Topotecan in BT-474 

Xenograft Model 

In this study we used the first prototype Topotecan immu 
noliposomes that use triethylammonium-polyphosphate gra 
dient for drug entrapment. The liposomes were prepared gen 
erally following the methods of Examples 11 and 19. Lipid 
matrix components—DSPC (Avanti Polar Lipids; 3 mol. 
parts), Cholesterol (Calbiochem, 98.3%; 2 mol. parts) and 
methoxy-PEG(2000)-DSPE(Avanti Polar Lipids, 0.015 mol. 
parts)—were combined with 100% ethanol USP to give the 
solution containing 0.5 mM phospholipid at 60°C. The etha 
nol lipid solution was diluted at 60° C. with the aqueous 
triethylammonium polyphosphate solution (0.608 Mtriethy 
lamine, 0.65N phosphate, pH 6.1, osmolality 531 mmol/kg), 
mixed thoroughly, and extruded 10 times through 2 stacked 
polycarbonate membranes with the pore size of 100 nm 
(Nuclepore, Corning) using thermostatted gas-pressure 
extruder (Lipex Biomembranes) at 60°C. The extruded lipo 
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Somes were chilled on ice, and unencapsulated triethylam 
monium polyphosphate was removed by gel chromatography 
on Sepharose CL-4B using 5% dextrose-5 mM HEPES-Na 
buffer, pH 6.5, as eluent. The liposome size was 103.8+35.1 
nm by QELS. The liposomes in this buffer were incubated 5 
with Topotecan hydrochloride at 60°C. for 30 min. at the ratio 
of 0.35 mg Topotecan base perumol of phospholipid. At the 
end of incubation, the liposomes were chilled on ice and 
chromatographed on Sephadex G-75, eluent 20 mM HEPES 
Na, 135 mM NaCl, pH 6.5, to remove any unencapsulated 10 
drug. The drug content was determined by fluorometry, and 
the lipid content by phosphate assay as previously reported. 
Liposomal Topotecan so obtained has 365.4+23.1 mg Topo 
tecan base per mmol of phospholipid. To prepare HER2 
targeted Topotecan immunoliposomes, a portion of this lipo- 15 
Somal Topotecan preparation was incubated with the purified 
conjugate of anti-HER2 sclv F5 and maleimido-PEG-DSPE 
linker generally as described in Example 19. Briefly, 
F5-PEG-DSPE conjugate in aqueous 10% sucrose-10 mM 
Na citrate solution, pH 6.5, was combined with Topotecan 20 
liposomes at the ratio of 15 mg protein per mmol of liposome 
phospholipid, and incubated at 60° C. for 30 min. The incu 
bation mixture was chilled on ice and chromatographed on 
Sepharose CL-4B, eluent 20 mM HEPES-Na, 135 mMNaCl, 
pH 6.5, to remove any unincorporated ScFv conjugate. The 25 
drug-to-lipid ratio decreased by 14% following this addi 
tional incubation. 

The Topotecan liposome and immunoliposome formula 
tions containing 1-2 mg/mL of Topotecan were passed 
through 0.2 micron sterile Syringe filter, dispensed aseptically 30 
into polypropylene vials and stored at 4-6° C. for up to 1 
month before use. 

Free Topotecan was freshly prepared by dissolving Topo 
tecan Hydrochloride powder at 2 mg/mL in 5% dextrose and 
sterilized by passage through 0.2-micron Syringe filter. 35 
A HER2-overexpressing BT-474 human breast adenocar 

cinoma Xenograft model was established as described in 
Example 10. At day 13 post tumor inoculation, the animals 
having tumors in the range of 120-350 cubic mm were 
selected and randomized into 3 treatment and 1 control group 40 
of 12 animals each. At days 14, 18, and 21 post tumor inocu 
lation the mice were treated with i.V. (tail vein) injections of 
Topotecan formulations at the per injection dose of 5 mg/kg 
body weight, or with equal Volume of physiological Saline. 
General health of the animals was monitored daily. Tumor 45 
sizes and body weights were monitored twice weekly for up 
to day 53 post tumor inoculation. The animals whose tumors 
reached 20% of the body weight, or those with progressive 
weight loss reaching 20% or more were euthanized. 

FIGS. 11 and 12 show the tumor growth and animal body 50 
weight data, respectively. Liposomal Topotecan formulations 
were more active in tumor growth Suppression than the free 
drug, and F5-targeted liposomal formulation was more active 
than the non-targeted one. The average tumor sizes at the end 
of the observation period were significantly different among 55 
the treatment groups (p values by non-paired 2-tailed Stu 
dent's t-test were 1.2x10' for free v. immunoliposomal drug, 
0.000114 for free v. liposomal drug, and 0.00718 for liposo 
mal V. immunoliposomal drug). Thus, liposomally encapsu 
lated Topotecan was more active than the free drug, and 60 
anti-HER2 immunoliposomal Topotecan was more active 
than non-targeted liposomal drug. In the liposomal and 
immunoliposomal group, after initial regression, tumor 
regrowth occurred within 10 days of the last treatment. There 
was no tumor regression in the free drug group. It was noticed 65 
that the liposomal formulations of Topotecan at a given dose 
were more toxic than the free drug. There was gastrointestinal 

70 
toxicity. The animals receiving liposomal Topotecan devel 
oped diarrhea and Suffered body weight loss averaging about 
14% at its peak. While in the non-targeted liposomal group 
the animals recovered, except one (12.5%) that had persistent 
15% weight loss at the end of study, in the F5-targeted group 
five animals (41.6%) developed terminal morbidity and 
expired; and two more (16.7%) had persistent weight loss of 
about 15%. In the control group and free drug group, there 
was no weight loss or treatment-related morbidity. 

Example 30 

Maximum Tolerated Dose (MTD) of Free and 
Liposomal Topotecan in Mice Given in 3 Weekly i.v. 

Injections 

This study used a liposome Topotecan formulation pre 
pared as in to Example 29, except the triethylammonium 
polyphosphate solution was replaced with triethylammonium 
sucrose octasulfate solution having 0.65 M triethylammo 
nium, pH 6.2; and for extrusion 80-nm polycarbonate mem 
brane filters were used instead of 100-nm. Volume-weighted 
liposome size determined by quasi-elastic light scattering 
method in Gaussian approximation (QELS) was 95.1+19.6 
nm (average:SD); drug/lipid ratio was 369.1+18.3 mg/mmol 
phospholipid. Five-six week old female Swiss-Webster mice 
(18-20 g) in the groups of two received three i.V. (tail vein) 
injections of free or liposomal Topotecan on a once-a-week 
schedule, starting from the dose of 2 mg/kg Topotecan base 
per injection and increasing to each Subsequent group by the 
factor of 1.8 to the dose of 37.8 mg/kg. Immunoliposomal 
Topotecan was not included in this study. Animal body weight 
and general health was monitored daily. Progressive weight 
loss of more than 20% or natural death at any time in any of 
two animals in a group during the period often days since the 
beginning of treatment were considered indicative of the 
toxic dose. According to the animal mortality and weight data 
MTD was determined to fall within the range of 11.7-21 
mg/kg for free Topotecan, and 2.0-3.6 mg/kg for liposomal 
(Prototype 2) Topotecan. In the second study, the mice 
received injections of the free, liposomal, or F5-immunolipo 
Somal Topotecan (prepared from the liposomal Topotecan of 
this Example as described in Example 29) with the doses from 
2.0 mg/kg (liposomal/immunoliposomal Topotecan) or 12 
mg/kg (free Topotecan), and increased to each Subsequent 
group by the factor of 1.15 until the dose next to the upper 
range of the established MTD interval was achieved. The 
highest dose that did not result in death or terminal morbidity 
in any of the animals was considered an MTD and was found 
to be 18.4 mg/kg for free Topotecan, 3.0 mg/kg for liposomal 
Topotecan, and 3.0 mg/kg for immunoliposomal Topotecan. 
Thus, liposomal Topotecan showed greater toxicity than the 
free drug. 

Example 31 

Antitumor Efficacy of Liposomal Topotecan in 
BT-474 Xenograft Model at the Range of 

O.125-10XMTD 

The Topotecan liposomes and F5-immunoliposomes of 
Example 30 were used in this study. BT-474 subcutaneous 
Xenografts were raised in nude mice as in Example 29. At day 
18 after tumor cell inoculation the animals with tumors (105 
345 cubic mm, average about 200 cubic mm) were random 
ized into treatment groups of 6 animals/group, and a control 
group of 8 animals/group. The animals received free or lipo 
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somal Topotecan at 1xMTD, 0.5xMTD, 0.25xMTD, or 
0.125xMTD at three i.V. (tail vein) injections at day 19, 23, 
and 27 post tumor inoculation. The control group received 
injections of physiological saline. The tumor sizes and animal 
body weights were monitored as in Example 29. To obtain 
animal body weight measurements; the tumor weight (calcu 
lated from the tumor size assuming tumor density of 1.0) was 
Subtracted from the total animal weight measurements. All 
drug formulations at MTD showed antitumor activity (FIGS. 
13 A-13D). There was no significant difference in efficacy 
between free and liposomal drug given at their respective 
MTD or at identical fractions (/2, 4, or /s) thereof. Thus, 
liposome encapsulation of the drug using TEA-SOS gradient 
resulted in about 6-fold increase in antitumor activity, but also 
in the similar increase in drug toxicity. Dynamics of animal 
body weights revealed that all treatments were non-toxic 
except the treatment with free Topotecan at MTD which 
showed transient decrease in body weight (about 15% of the 
pre-treatment value) that later resolved (FIG. 14). 

Example 32 

Preparation and Targeted in vitro Cytotoxicity of 
Topotecan Liposomes Prepared Using 

Triethylammonium Sucrooctasulfate Entrapment 
Method 

Liposomal Topotecan was prepared generally following 
the procedure of Example 18, using the entrapped solution of 
TEA-SOS having 643 mM TEA, pH 5.7, osmolality 530 
mmol/kg, and drug/phospholipid ratio of 170 mg/mmol. The 
liposomes had 155 mg drug/mmol phospholipid; 90% load 
ing efficiency, and particle size 105 nm. These liposomes 
were incubated with the micellar Solution of F5-PEG-DSPE 
conjugate at about 30 ScPV per liposomes (15 mg antibody/ 
mmol phospholipid) at 60° C. for 1 hour generally as 
described in Example 19. Antibody-conjugated liposomes 
were separated by SEC using Sepharose CL-4B and formu 
lated into HBS-6.5 HEPES-buffered saline. There was no 
detectable change in drug/lipid ratio during the attachment of 
anti-HER2 sclv (F5). 
The uptake of Topotecan formulations by cancer cells was 

determined as follows. HER2-overexpressing human breast 
adenocarcinoma cells (SK-Br-3, ATCC HTB-30) were plated 
into 24-well cell culture plates at 150,000 cells/well and 
acclimated overnight. The cells were incubated (in triplicate) 
with F5-targeted and non-targeted liposomal Topotecan in 
complete growth medium at liposome concentrations of 0.1 
mM and 0.01 mM for 4 hours at 37° C. The cells were rinsed 
4 times with Hanks’ Balanced Salt Solution, solubilized in 
0.1% Triton X-100-70% acidified isopropanol mixture 1:10, 
and the amount of cell-associated Topotecan per well was 
determined by fluorometry. The results (meanistandard 
error) are summarized in Table 22. The targeted liposomes 
delivered 100-300 times more drug into the targeted cells than 
nontargeted liposomes. 

TABLE 22 

Uptake of liposonal Topotecan by SK-Br-3 breast carcinoma cells. 

Topotecan 
uptake at 0.1 mM 

phospholipid, ngwell 

Topotecan uptake 
at O.O1 mM 

Formulation phospholipid, ngwell 

Non-targeted liposome 4.76 - 0.24 O607 O.O88 
HER2-targeted liposome S33.8 - 13.7 1970 - 4.6 
Ratio: 112.18.6 324 SS 
Targeted/Non-targeted 
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Cytotoxicity of these Topotecan formulations against 

SKBr-3 breast cancer cells was determined as described in 
Example 27. SKBr-3 cells were inoculated into 96-well plates 
at 5,000 cells/well, acclimated overnight, and incubated with 
increasing concentrations (0.004-30 ug/mL) of free, liposo 
mal, or F5-immunoliposomal Topotecan in cell growth 
medium for 4 hours at 37° C. The drug-containing media 
were removed and the cells were allowed to grow in the 
drug-free medium for 72 hours. The quantity of viable cells 
per well was determined using Thiazolyl Blue(MTT) tetra 
Zolium assay and expressed as % of that of control (non 
treated) cells. The results are presented on FIG.10. Topotecan 
immunoliposomes were more cytotoxic (ICso 0.15-0.5 
ug/mL) than non-targeted Topotecan liposomes (ICsoe3.1. 
ug/mL) and free Topotecan (ICsoe2.3 g/mL) 

Example 33 

In vivo Stability of Topotecan Liposomes of 
Different Size 

The liposomes containing TEA-Pn were prepared as in 
Example 22 using extrusion 12 times through 100 nm pore 
size polycarbonate membranes or additionally 12 times 
through 50 nm pore size polycarbonate membranes. Topote 
can (TPT) was added at a ratio of 150 g/umol phospholipid. 
The loading was completed at 58°C. for 45 min a hot water 
bath, followed by quenching on ice. The efficiency of loading 
for the 50-nm- and 100-nm-extruded liposome was 
126.80+19.24 ug TPT/umol PL (84.5+12.8%) and 
148.48+10.26 ug TPT/umol PL (99.0+6.8%), respectively. 
Female Swiss Webster mice in the groups of three were 
injected intravenously with one of the two formulations of 
Ls-TPT at a dose of 5 mg TPT/kg. The mice were sacrificed 
after 6 hand the blood was collected. Plasma was analyzed for 
TPT and liposome lipid as described in Example 22. The 
results are presented in Table 23. 

TABLE 23 

In vivo stability of LS-TPT of different sizes loaded using 
TEA-Pin entrapment method. 

Liposome lipid in Drug lipid ratio, 
Liposome Drug in plasma, 96 plasma, 96 of % of pre 
size, nm of injected dose injected dose injection value 

742. 21.6 32.93 - 1.97 45.7 - 22 72.06 S.S1 
96.4 29.3 33.26 3.56 37.65.3 88.41 - 15.68 

Example 34 

Synthesis and Liposome encapsulation of 
6-(3-aminopropyl) ellipticine (6-APE) 

6-(3-aminopropyl)ellipticine was prepared from ellipti 
cine in a two-step method based on the procedure by Werbel 
et al., J. Med Chem. 1986, v. 29, p. 1321-1322. 501.4 mg of 
ellipticine base (NSC 71795) (Aldrich Chemical Co.) was 
stirred with approximately 100 mg of sodium hydride 
(Sigma; washed with anhydrous petroleum ether) in 5 ml of 
dry dimethylformamide (DMF) at room temperature for 30 
min. To this mixture, a solution of 678 mg of N-bromopro 
pylphtalimide (Aldrich) in 2 mL of dry DMF was added 
dropwise. The purple-colored reaction mixture was stirred 
under argon overnight, treated with 1 mL of water, and poured 
into 60 ml of water. The mixture was extracted twice with 25 
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mL of methylene chloride, the extract was dried over anhy 
drous sodium Sulfate, and passed through a layer of neutral 
alumina. The alumina layer was rinsed twice with 10 mL of 
methylene chloride and the combined filtrate and rinses were 
brought to dryness in vacuum. The product was stirred over 
night with 20 ml of absolute ethanol and 2 ml of anhydrous 
hydrazine at room temperature. The obtained slurry was fil 
tered under vacuum, a yellow filtrate was diluted with 50 mL 
of 0.2N NaOH and extracted with two portions (75 ml and 50 
ml) of chloroform. The chloroform extract was dried over 
Na2SO and brought to dryness in vacuum. Crude product 
(yield 408 mg) was chromatographed on silica 60 column 
eluted isocratically with chloroform-methanol mixture (7:3 
by volume), saturated with dry trimethylamine. The fractions 
eluted in a second yellow-colored band, following un-reacted 
ellipticine, were shown to contain the desired compound in 
approximately 30% yield. The structure was confirmed by 
'H-NMR. TLC: R,029-0.31 (Silica 60; CHC1,-MeOH 7:3 by 
volume, saturated with trimethylamine). Ellipticine, R, 0.81 
0.83. The obtained compound was converted into dihydro 
chloride Salt by dissolving in anhydrous ethanol and titration 
with 6 NHCl solution in dry isopropanol. The orange crystals 
of 6-APE dihydrochloride (NSC 176328) were filtered out, 
rinsed with ether, and dried in vacuum. Yield of dihydrochlo 
ride 86%. 
The liposomes were prepared by hydration of the neatlipid 

film of DSPC, Cholesterol, and PEG(M.w. 2,000)-DSPE 
(3:2:0.015 molar ratio) in a solution of trimethylammonium 
polyphosphate (TMA-Pn) at 0.5 MTMA, pH 5.6, at 60° C., 
followed by six cycles of rapid freezing (-78°C.) and thaw 
ing (60° C.), and extrusion ten times through two stacked 
50-nm pore size polycarbonate filters. Unencapsulated TMA 
Pn was removed using a Sepharose CL-4B column eluted 
with HEPES-Dextrose (5 mM HEPES.5% Dextrose, pH 5.5). 
The liposome size was 85.7+32.1 nm. 

Concentrated 6-APE solution (10 mg/ml) was added to the 
TMA-Pn-containing liposomes at a drug-to-phospholipid 
ratio of 100 ug APE/umol phospholipid, the mixture was 
incubated at 58° C. for 45 min, and quickly cooled down on 
ice for 15 min. Unencapsulated drug was removed by gel 
chromatography on a Sephadex G-75 column eluted with 
HEPES-Dextrose buffer (5 mM HEPES-Na, 5% dextrose, pH 
6.5). Liposome-entrapped APE was then quantitated by spec 
trophotometry as in Example 71, and liposome phospholipid 
was determined using the extraction assay of Example 70. 
The drug encapsulation was practically quantitative. 

Example 35 

Preparation of HER2-targeted Immunoliposomal 
6-APE and Cytotoxicity of 6-APE Formulations 
Against HER2-overexpressing BT-474 Breast 

Cancer Cells In vitro 

Liposomes with encapsulated 6-APE (LS-APE) were pre 
pared as in Example 34 above. Anti-HER2 immunoliposomes 
with encapsulated 6-APE (F5-ILS-APE) were prepared from 
Ls-APE by the method of Example 19. An MTT-based cell 
viability assay of Example 27 was used to determine the 
cytotoxicity of 6-APE delivered as a solution, LS-APE, or as 
HER2-targeted F5-ILs-APE against HER2-overexpressing 
human breast carcinoma cells (BT-474). The cells were 
exposed to drug-containing media for 6 hours, and post 
incubated in drug-free medium for 3 days. The results are 
shown on FIG. 15. The ICs for free APE is 0.26 ug APE/ml, 
for F5-ILS-APE was 0.756 ug APE/ml, and for nontargeted 
Ls-APE was 51.0 ug APE/ml. There was a 67.5 fold differ 
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ence in activity between targeted and nontargeted liposomal 
6-APE, indicating a considerable targeted delivery effect. 

Example 36 

EGFR-targeted Immunoliposomal Formulations of 
6-APE and Cytotoxicity Against Cancer Cells In 

vitro 

6-APE-loaded Liposomes were Prepared as described in 
Example 34. EGFR-targeted immunoliposomes were pre 
pared by attachment of EGFR-specific Fab' antibody frag 
ments as follows. An EGFR-specific IgG MAb C225 (cetux 
imab, ERBITUXTM, Imclone Systems) was digested with 
pepsin to produce (Fab') fragments. Purified (Fab')2 frag 
ments were reduced by treatment with 10-20 mM 2-mercap 
toethylamine for 15 min at 37° C., and Fab' fragments were 
purified by gel filtration using Sephadex G-25. The presence 
of reactive thiol groups was typically about 0.9 thiol groups 
per protein molecule (quantified using Ellmann's reagent). 
C225Fab' were covalently conjugated to an amphiphilic 
linker Mal-PEG-DSPE(Avanti Polar Lipids, Ala.) in aqueous 
solution at pH 6.2-6.5 and protein-linker molar ratio of 1:4 for 
2-4 hours at room temperature, or overnight at 4-6° C., to 
produce C225Fab'-PEG-DSPE conjugate with the yield 
30-50% of the protein. This micelle-forming conjugate was 
separated from non-reacted protein by size exclusion column 
chromatography on 3% agarose-4% polyacrylamide beaded 
gel (Ultrogel AcA34, obtained from Sigma Chemical Co.), 
eluted with HBS-6.5 buffer. The conjugate was recovered in 
void volume fractions. Immununoliposomal 6-APE was 
formed by incubating these liposomes with C225 Fab'-PEG 
DSPE with drug-loaded liposomes at the ratio of 30 mg C225 
protein/mmol liposome phospholipid for 30 min at 60° C. 
quenching on ice for 15 min, and purifying the immunolipo 
Somes by gel chromatography on a Sepharose CL-4B column 
also eluted with HBS-6.5 buffer (the liposomes appear in or 
near the void volume of the column). 
MDA-MB-468 EGFR-overexpressing human breast can 

cer cells and MCF-7 human breast cancer cells with low 
EGFR expression (ATCC, Rockville, Md.) were cultured in 
their Supplier-recommended growth media, and the cytotox 
icity of free, liposomal, and anti-EGFR-immunoliposomal 
6-APE against these cells was studied according to the 
method of Example 27 The cells were incubated with drug 
containing media for 6 hours, followed by 3 days post-incu 
bation in the drug-free medium. The results are shown in FIG. 
16. In MDA-MB-468 cells ICs for the free 6-APE was about 
0.1 g/ml, and for C225-ILS-APEabout 0.9 ug/ml. In MCF-7 
cells ICso was about 0.1 for the free 6-APE was about 0.5 
ug/ml, and for C225-ILS-APE about 14 ug/ml. ICs of LS 
APE in both cell lines was >30 g/ml. Thus, EGFR-targeted 
6-APE-loaded immunoliposomes demonstrated antigen-spe 
cific cytotoxic activity in EGFR-overexpressing MDA-MB 
468 breast cancer cells, but not in MCF-7 breast cancer cell 
that do not overexpress EGFR. In MCF-7 cells, the targeted 
and nontargeted 6-APE liposomes were equally active. 

Example 37 

Pharmacokinetics of Liposomal 6-APE in Rats 

Liposomes with entrapped TEA-Pn solution (557 mM 
phosphate groups, 500 mM TEA, pH 5.8, osmolality 480 
mmol/kg) and lipid composition of DSPC, cholesterol, and 
PEG-DSPE (molar ratio 3:2:0.015) were prepared as in 
Example 11 above. Ethanolic solution of the lipids was com 
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bined at 60° C. with 10 volumes of the aqueous TEA-Pn 
solution, and extruded ten times through two stacked 80 nm 
pore size polycarbonate membranes. Unencapsulated TEA 
Pn was removed using a Sepharose CL-4B column eluted 
with MES-Dextrose (5 mMMES-Na, 5% Dextrose, pH 5.5). 
The liposome size was 92.3+23.3 nm by QELS. A non-ex 
changeable radioactive lipid label H-CHE was included in 
the lipid matrix at 0.5 mCi/mmol phospholipid. The lipo 
somes were loaded with 6-APE as described in Example 34. 
The pharmacokinetic study followed the protocol of 

Example 9. Female Sim Albino rats (9 weeks, 200 g) were 
injected i.v. at a dose of 10 mg 6-APE/kg. Blood was drawn at 
prescribed time points and the plasma was analyzed for 
6-APE by fluorometry. Plasma aliquots (0.05-0.2 ml) were 
mixed with 1-2 mL of 90% aqueous isopropanol-0.1 NHCl, 
and the 6-APE was quantified by fluorescence as in Example 
71. The lipid was quantified by H-CHE radioactivity scin 
tillation counting. 

The results are shown in FIG. 17. The blood half-life (t) 
of the drug was 13.7 hours and of the liposome lipid 16.6 
hours (panel A). The half-life of the drug release from lipo 
Somes was 77.9 hours, demonstrating remarkable encapsula 
tion stability (panel B). 

Example 38 

Synthesis and Liposomal Encapsulation of 
2-(2-(N,N-diethylamino)ethyl)ellipticinium (2-DAE) 

2-(2-(N,N-diethylamino)ethyl-ellipticinium chloride 
(NSC 359449) is an anti-cancerellipticine derivative which is 
prepared by alkylation of ellipticine with 2-(N,N-diethy 
lamino)ethylchloride in methanol in the presence of triethy 
lamine (see Werbel, L.M., Angelo, M., Fry, D.M., and Worth, 
D. F. J. Med. Chem. 1986, 29:1321-1322). Liposomes con 
taining entrapped TEA-Pn were prepared as described in 
Example 37.2-DAE.2HC1 was incubated with the TEA-Pn 
liposomes in 5 mM HEPES-Na, 5% Dextrose, pH 7.4, at a 
2-DAE-to-phosholipid ratio of 100 ug/umol. The amount of 
loaded drug was 88.2 Lug APE/umol PL (efficiency 88.2%). 

Example 39 

Pharmacokinetics of Liposomal 2-DAE in Rats 

Blood pharmacokinetics of liposomal 2-DAE (Example 
38) was studied in rats as in Example 37. The t of 2-DAE 
was 17.8h and of the liposome lipid matrix, 18.2 h (A). The 
half-life of the drug release from liposomes in the blood was 
t=677 h (B). Thus, these liposomes were extraordinarily 
stable against drug leakage in the bloodstream. 

Example 40 

Loading of Vinorelbine into Liposomes Using 
TEA-Pn Method. The Effect of pH 

The liposomes were prepared by the ethanol injection 
method as in Example 11 using TEA-Pn solution of 0.608 M 
TEA, 0.65 Mphosphate groups, pH 6.1, and osmolality 531 
mmol/kg, and lipid suspension extrusion 15 times through 
two stacked 100 nm pore size polycarbonate membranes. The 
resulting liposome size was 108.3+17.1 nm by QELS 
Vinorelbine (VRB) in the form of stock solution of vinorel 
bine bitartrate 10 mg/mL USP was added to the liposomes in 
aqueous 5 mM HEPES-Na, 5% dextrose, pH 6.5, at a drug 
to-phospholipid ratio of 350 ug/umol, the pH was adjusted to 
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the desired value using 1-5 N NaOH. and the mixture was 
incubated at 58+2° C. for 30 min. The mixture was then 
chilled on ice for 15 min, and unencapsulated drug was 
removed by Sephadex G-75 gel filtration chromatography, 
eluting with HBS-6.5 buffer (20 mM HEPES-Na, 135 mM 
NaCl, pH 6.5). Aliquots of purified liposomes were then 
solubilized in acid isopropanol and analyzed for vinorelbine 
using spectrophotometry at 270 nm. Liposome phospholipid 
was quantified using the phosphate assay of Bartlett (1959) 
after methanol-chloroform extraction. 
The calculated drug-to-lipid ratios after loading were as 

shown in Table 24. Vinorelbine loading was quantitative (i.e. 
practically 100%) and independent of pH in the studied range. 

TABLE 24 

Vinorelbine loading into liposomes with entrapped TEA-Pn at 
Various pH values of external buffer 

Drug-to-phospholipid 
pH ratio (ugumol) Loading efficiency (%) 

4.5 3S12 52.88 100.4 15.2 
S.O 347.6 6.35 99.3 - 18 
5.75 355.2 11.2 101.5 - 3.2 
6.25 377.O 21S 107.7 6.6 
7.0 374.3 29.58 106.99.O 

Example 41 

Liposomal Vinorelbine Prepared by TEA-Pn Method 
at Various Drug/lipid Ratios: Encapsulation 

Efficiency and in vivo Stability in Mice 

Liposomes with entrapped TEA-Pn solution were prepared 
according to Example 40 except that H-CHE was included 
in the lipid matrix at 1.5 mCi/mmol phospholipid. The lipo 
some size was 98.5+34.3 nm by QELS. The liposomes were 
mixed with vinorelbine bitaritrate USP in aqueous buffer of 5 
mM HEPES-Na, 5% dextrose, pH 6.5 at the drug-to-phos 
pholipid ratio of 150-450 mg VRB/mmol, and incubated at 
58+2°C. for 30 min. No pH adjustment was made following 
the addition of the drug. The vinorelbine-loaded liposomes 
(LS-VRB) were isolated and analyzed for the drug and phos 
pholipid as in Example 40. 

Female five-six week old Swiss Webster mice (Harlan 
Bioresearch) in the groups of three were injected intrave 
nously with LS-VRB-Pnata dose of 5 mg VRB/kg. The lipid 
dose varied according to the degree of loading and can be 
determined from the above calculated drug-to-lipid ratios. At 
8 hours or 24 hours post injection, the animals were anesthe 
tized, exsanguinated, and the blood was collected on ice into 
weighed tubes containing known amounts of PBS with 0.04% 
EDTA. The blood cells were separated by centrifugation, and 
the supernatants were analyzed for liposome lipid by H 
CHE radioactivity scintillation counting and for vinorelbine 
using HPLC as follows. The samples were spiked with vin 
blastine (internal standard), extracted with diethyl ether, 
evaporated, and the residues were dissolved in the mobile 
phase consisting of aqueous 50 mM triethylammonium 
acetate (pH 5.5) and acetonitrile (58:42 by volume) The 
samples were loaded on a Cs reverse phase silica column 
(Supelco C-18 column, 250 mmx4 mm i.d., particle size of 5 
um) preceded by a C-18 guard column. The column was 
eluted isocratically with the above mobile phase at a flow rate 
of 1.0 ml/min. VRB was detected using an absorbance detec 
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tor at 280 nm. Typical retention times for VRB and vinblas 
tine (internal standard) were 9.1 min and 7.8 min, respec 
tively. 

The results are shown in Table 25. The loading efficiency 
decreased with the increase in drug/lipid ratio, from practi 
cally 100% at 150 mg/mmol to about 66% at 450 mg/mmol. 
It was noted that the addition of vinorelbine bitartrate at the 
ratios of over 250 mg vinorelbine per mmol phospholipid 
caused substantial acidification of the liposome Suspension 
(pH~4.0) that lead to reduced loading efficiency. Thus, the 
need for pH control during the drug loading step was estab 
lished. The amounts of liposome matrix detected in the blood 
after 8 hours were in the range of 30.4+6.6% of injected dose 
(% id) to 38.6+5.2% id without apparent relation to the abso 
lute amount of injected lipid. After 24 hours there was still 
from 6.4% ID to 14.8% ID of the lipid matrix detectable in the 
blood. The amount of drug that remained encapsulated after 8 
hours varied from 37% to 63%. However, as 24 hours post 
injection the drug levels dropped below detection limit of the 
employed analytical method. 

TABLE 25 

Encapsulation efficiency and in vivo drug retention of liposomal 
vinorelbine prepared at different drug lipid ratios using TEA-Pn 

method (without loading buffer pH adjustment). 
The drug retention data are meant SD (N = 3). 

Vinorelbine/phospholipid ratio 

Output, % drug remaining 
Input, mgmmol, mg/mmol, Encapsulation encapsulated at 

calculated measured efficiency,% 8 hours post injection 

150 156 104.O 36.6 4.2 

250 238 95.2 56.3 1.3 

350 260 74.3 65.92.3 

450 299 66.4 63.0 - 4.1 

Example 42 

Vinorelbine Loading into Liposomes Using 
TEA-SOS Method at Various Drug/lipid Ratios 

TEA-SOS liposomes for drug loading were prepared as in 
Example 40 except that the TEA-SOS solution with 0.65 M 
TEA, pH 5.4, osmolality 521 mmol/kg was used instead of 
TEA-Pn solution, and the liposomes were extruded through 
80 nm pore size polycarbonate membranes. The liposome 
size was 86.6+12.9 nm by QELS. VRB was added to the 
liposomes in aqueous 5 mM HEPES-Na, 5% Dextrose, pH 
6.5, at various drug-to-phospholipid ratios, and the mixture 
was subsequently incubated at 60° C. for 30 min. The VRB 
loadsed liposomes were then isolated and analyzed as in 
Example 40. 
The calculated drug-to-lipid ratios in the VRB liposomes 

are shown in Table 26. Remarkably, as opposed to polymeric 
anion assisted loading, vinorelbine loading in the liposomes 
with polyanionized Sugar (sucrose octasulfate) was practi 
cally quantitative independently of the drug/lipid ratio for up 
to 450 mg VRB/mmol phospholipid, and only slightly less 
(88%) at 550 mg VRB/mmol phospholipid. 
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TABLE 26 

Dependence of Vinorelbine loading into liposomes on drug-to-lipid ratio 

Vinorelbine/phospholipid ratio, 
Ingmmol 

Total Encapsulated into liposomes Loading efficiency (%) 

150 159.9 11.5 106.6 8.1 
250 255. 12.4 102.25.1 
350 381.8 16.3 109.15.1 
450 456.1 29.5 101.4 - 6.6 
550 486.226.O 884 - 4.2 

Example 43 

Preparation of HER2-targeted Immunoliposomes 
Loaded with Vinorelbine by TEA-Pn Method, and 

comparative Blood Pharmacokinetics of 
HER2-targeted and Nontargeted Vinorelbine 

Liposomes in Rats 

Anti-HER2 schv F5-PEG-DSPE conjugate was prepared 
as in Example 19. HER2-targedted vinorelbine immunolipo 
Somes were prepared by incubation of non-targeted oSomes 
(Example 41, loaded at drug/phospholipid ratio of 350 
mg/mmol) with F5-PEG-DSPE conjugate (Example 19) in 
aqueous 20 mM HEPES-Na, 135 mM NaCl, pH 6.5 buffer at 
the protein/phospholipid ratio of 15 mg/mmol at 60°C. for 30 
min. Unincorporated F5 conjugate was removed by gel chro 
matography on a Sepharose 4B column eluted with the same 
buffer. Non-targeted liposomes (LS-Pn-VRB) and HER2-tar 
geted ones (F5-ILs-Pn-VRB) were administered i.v. to 
female Albino rats (8-9 weeks old; 200 g) at a dose of 5 mg 
VRB/kg. At various time points, blood was collected as 
described in Example 9, and analyzed for VRB and the lipo 
some lipid as in Example 41. Blood half-life of the liposome 
lipids and the 50% drug release time were calculated from the 
lipid concentration-time plots or by drug/lipid ratio-time 
plots, respectively, by finding best fit to monoexponential 
kinetics using the MICROSOFT EXCEL (Microsoft Corp.) 
spreadsheet TREND function. The results (FIG. 18) indicated 
that both targeted and non-targeted vinorelbine liposomes 
had identical drug and lipid pharmacokinetics with lipid half 
life of about 12.1 hours and 50% drug release time of about 
4.3 hours. 

Example 44 

Preparation and Comparative in vivo Stability of 
Vinorelbine Liposomes Prepared Using Ammonium 

and Substituted Ammonium Salts 

Ammonium dextran sulfate (DS-A) solution with pH 5.8, 
0.65 M NH, osmolality of 390 mmol/kg, and triethylam 
monium dextran sulfate solution (DS-TEA) with pH 6.0, 0.65 
MNH, osmolality 465 mmol/kg, were prepared from Dex 
tran sulfate with mol. weight 10,000 (Sigma Chemical Co.) 
according to the method of Example 4, using titration with 
12.4 Maqueous ammonia or neat triethylamine, respectively. 
Ammonium sulfate (S-A) aqueous solution 325 mM, pH 5.1, 
osmolality 703 mmol/kg, was prepared from analytical grade 
ammonium sulfate. All three solutions contained less than 1% 
Na" of the total cation content. Liposomes entrapping these 
Solutions were prepared using the ethanol mixing-extrusion 
method of Example 41 (DSPC/Cholesterol/PEG-DSPE 3:2: 
0.015 molar ratio). Radioactive lipid label H-CHE was 
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included in the lipid matrix at 1.5 mCi/mmol phospholipid. 
Extrusion step consisted of 10 passages through two stacked 
0.1 um polycarbonate membranes. VRB was added to the 
liposomes in 5 mM HEPES-Na, 5% Dextrose, pH 6.5, at a 
drug-to-phospholipid ratio of 350 mg/mmol, the pH was 
adjusted to 6.5 using 1 N NaOH, and the mixture was incu 
bated at 58-60CC. for 30 min. The reaction was then chilled 
on ice for 15 min, and unencapsulated drug was removed 
using Sephadex G-75 gel filtration chromatography, eluting 
with aqueous 20 mMHEPES-Na, 135 mMNaCl, pH 6.5. The 
purified, vinorelbine-loaded liposomes were analyzed for 
VRB spectrophotometrically and for phospholipid using the 

10 

80 
weeks old; 200 g) were used to study liposome in vivo sta 
bility. Liposome lipid and drug pharmacokinetics was studied 
in rats as in Example 43. 
The results are shown in FIGS. 21, 22, and in the Table 28 

below. Liposomes extruded through 0.05, 0.08, and 0.1 um 
polycarbonate filters were compared and shown to have simi 
lar drug and liposomal carrier pharmacokinetics, as well as a 
similar extent of contents leakage. The drug release from the 
liposomes in blood was characterized by the 50% release 
times in the range of approximately 40-80 hours, well above 
24 hours. 

TABLE 28 

Characterization of vinorelbine liposomes. 

Liposome size, Drug load, Blood half-life of Time to 50% 
nm, mean - SD mg/mmol Loading the lipid matrix, drug release in 

(by QELS) phospholipid efficiency,% hours the blood, hours 

87.628.1 352.4 - 13.9 100.7 - 4.0 14.6 O.7 39.73.1 
98.5 - 15.1 322.6 22.7 92.2 - 6.5 13.0 O2 47.938 
109.6 24.6 357.01O.S 102.0 3.0 14.3 O.3 78.0 - 1.4 

phosphate assay of Bartlett (1959) (see Examples 70, 71). Example 46 
Blood pharmacokinetics of the liposomal lipid and drug was 25 
studied in rats as in Example 43. Preparation of HER2-targeted Vinorelbine 
The results are shown in FIGS. 19-20, and in Table 27. Liposomes Using TEA-SOS Entrapment Method, 

Liposomes loaded with triethylammonium dextransulfate and Pharmacokinetics of HER2 scFv-targeted and 
were compared with those loaded using ammonium salt of so Non-targeted Immunoliposomal Vinorelbine in Rats 
dextran sulfate. Unexpectedly, those loaded using the triethy 
lammonium salt were considerably more stable than those Liposomes were prepared, loaded with vinorelbine at the 
loaded using ammonium salt. The pharmacokinetics of the 350 mg/mmol drug-phospholipid ratio, and analyzed as 
liposomal carrier itself was similar with the three different described in Example 43, except that TEA-SOS solution of 
formulations and was thus primarily dependent on the lipid 35 Example 45 was substituted for TEA-Pn solution. Extrusion 
composition employed. Leakage of vinorelbine from 
Ls-VRB loaded using triethylammonium dextran sulfate was 
about three times slower than from those loaded using ammo 
nium dextransulfate. The liposomes loaded using ammonium 
Sulfate had the fastest drug leakage rate. 

TABLE 27 

Comparative in vivo stability of drug encapsulation into liposomes using 
entrapped annonium and substituted annonium salt. 

Blood half-life 
of the lipid 

Time to 50% 
drug release in 

Formulation, 
liposome 

Liposome size, 
nm, mean + SD 

entrapped salt (by QELS) matrix, hours the blood, hours 

DS-TEA 120.8 - 28.5 9.5 - 3.3 66.3 13.4 
DS-A 107.8 15.4 11.20.6 22.9 - 1.7 
S-A 1145. 15.6 10.7 O2 1.77 O16 

Example 45 

Preparation and in vivo Stability of Vinorelbine 
Loaded Liposomes of Various Size 

H-CHE-labeled liposomes (1.5 mCi/mmol phospho 
lipid) with entrapped solution of triethylammonium Sucrose 
octasulfate (0.65 M TEA, pH 6.4, osmolality 502 mmol/kg) 
were prepared by the ethanol mixing-extrusion method of 
Example 11. The extrusion step contained 15 passages 
through two stacked polycarbonate membranes with the pore 
size of 0.05, 0.08, or 0.1 lum. Vinorelbine loading, isolation of 
Vinorelbine liposomes, and liposome characterization fol 
lowed the method of Example 40. Female Albino rats (8-9 
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step included 15 passages through 0.08 um pore size polycar 
bonate filters. The liposome size was 95.0+26.0 nm by QELS. 
F5scFv-linked anti-HER2 vinorelbine immunoliposomes 
were prepared from these vinorelbine liposomes, and blood 
pharmacokinetics of the liposomal lipid and drug of HER2 
targeted and nontargeted liposome vinorelbine was studied in 
rats as described in Example 43. Circulation half-life of the 
liposome lipid was 11.4 hours and 10.3 hours, and the 50% 
drug release time was 30.9 hours and 30.3 hours for F5-ILs 
VRB and LS-VRB, respectively. Thus, the lipid and drug 
pharmacokinetics of LS-VRB and F5-ILs-VRB was very 
close, indicating that the introduction of the schv-PEG-DSPE 
conjugate neither affected clearance of the carrier itself nor 
resulted in increased leakage of the drug from the carrier 
while in the circulation (FIGS. 23, 24). 

Example 47 

Preparation and Pharmacokinetic Properties of 
Vinorelbine Liposomes Comprising Non-ionic Lipid 

Derivatives of poly(ethylene glycol) 

Methoxy-PEG (Mol. weight 2,000)-derivative of synthetic 
Co-ceramide (PEG-ceramide) was obtained from Northern 
Lipids, Inc., Canada. Methoxy-PEG(Mol. weight 2,000)-dis 
tearoylglycerol (PEG-DSG) (SUNBRIGHT GS20) was from 
NOF Corp., Japan. 

Liposomes having the lipid composition of DSPC, choles 
terol, and PEG-lipid (PEG-ceramide or PEG-DSG) in the 
molar ratio of 3:2:0.3 and entrapped TEA-SOS solution (0.65 
M TEA, pH 6.4, osmolality 502 mmol/kg) were prepared by 
the ethanol mixing/extrusion method of Example 11. The 
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extrusion step included two passages through two stacked Example 49 
polycarbonate membrane filters 2 times using pore size 0.2 
um and 10 times using 0.08 um pore size. The liposomes were Cytotoxicity of Free, HER2-targeted, and 
loaded with vinorelbine at the drug/phospholipid ratio of 350 Non-targeted Liposomal Vinorelbine Against CaLu-3 
mg/mmol, characterized by size, drug, and lipid concentra- 5 Cells In vitro 
tion, and their pharmacokinetics was studied in rats as in 
Example 46. Both formulations showed prolonged circula- The liposomes and methods of the previous example (Ex 
tion time of the lipid matrix and slow release of the drug in ample 48) were used to study cytotoxicity of free vinorelbine, 
vivo, with at least 50% of the drug remaining encapsulated Ls-VRB, and F5-ILs-VRB in HER2-overexpressing human 
after 24 hour in the blood in vivo, as shown in the Table 29 10 non-small cell lung carcinoma cells CaLu-3 (American Type 
below. Culture Collection, Rockville, Md.). The cells were grown in 

TABLE 29 

Characterization of vinorelbine liposomes with various PEG-lipids. 

Liposome size, Drug load, Blood half-life Time to 50% drug 
nm, mean + SD mg/mmol Loading of the lipid release in the blood, 

PEG-lipid (by QELS) phospholipid efficiency % matrix, hours hours 

PEG-ceramide 103.3 h. 30.9 291.4 - 18.0 83.265.14 14.O 102.7 
PEG-DSG 101.3 20.1 359.3 + 7.2 102.7 2.1 15.1 24.6 

Remarkably, the increased PEGylation of these liposomes RPMI-1460 medium with 10% fetal calf serum in the pres 
(PEG lipid content about 5.7 mol.% of the total lipid) had ence of 5% CO. The results are shown in FIG. 26. The ICso 
practically no effect on the liposome blood circulation lon- 25 for free VRB was 1.2 pg/ml, 10 g/ml for F5-ILs-VRB, and 
gevity compared to the similar, size-matched liposomes hav- 50 ug/ml for nontargeted LS-VRB. This represents a 5-fold 
ing low PEGylation of about 0.3 mol.% of total lipid (Ex- enhancement in liposome-encapsulated drug activity as a 
ample 45, 109.6 nm, t14.3 hours: 98.5 nm, t13.0 function of targeted delivery to the cells. 
hours). 

30 Example 50 
Example 48 

Cytotoxicity of Free, HER2-targeted, and 
Preparation of HER2-targeted Liposomal on-targeted Liposomal Vinorelbine Against SKBr-3 
Vinorelbine and Cytotoxicity of Free, Cells In vitro 

HER2-targeted, and Non-targeted Liposomal 35 
Vinorelbine Against MDA-MB-453 Cells In vitro The liposomes and methods of Example 48 and the were 

used to study cytotoxicity of free vinorelbine, LS-VRB, and 
Vinorelbine-loaded liposomes (LS-VRB) were prepared as F5-ILs-VRB in HER2-overexpressing human breast carci 

in Example 42 (without H-CHE) using drug loading at pH noma cells SKBr-3 (American Type Culture Collection, 
6.0 and 350 Lig vinorelbine/umol phospholipid. Anti-HER2 40 Rockville, Md.), except that the cells were grown in the 
immunoliposomal vinorelbine (F5-ILs-VRB) was formed by modified McCoy 5A medium with 10% fetal calfserum in the 
incubating these liposomes with F5-PEG-DSPE conjugate as presence of 5% CO., plated at a density of 5,000 cells/well, 
described in Example 19 and 42 above, except that H-CHE and the drug was incubated with the cells for 6 h. 
was not added. “Free' vinorelbine was prepared by dilution The results are shown in FIG. 27. The ICs for free VRB 
of vinorelbine bitartrate 10 mg/ml Solution USP into the cell 45 was 0.28 ug/ml, 0.17 g/ml for F5-ILs-VRB, and 0.8 g/ml 
culture medium. for nontargeted LS-VRB. This represents a 4.7-foldenhance 
MDA-MB-453 are human breast adenocarcinoma cells ment in drug activity as a function of targeted delivery. 

(American Type Culture Collection, Rockville, Md.) that 
moderately overexpresses HER2 receptor (about 3x10" to Example 51 
1x10 copies/cell). Cytotoxicity of VRB delivered as the free 50 
drug, as nontargeted liposomal vinorelbine, or as HER2- In vivo Antitumor Efficacy of Liposomal Vinorelbine 
targeted (F5)-immunoliposomal vinorelbine against MDA- in HT29 Human Colon Cancer Xenografts in Mice 
MB-453 cells was determined as described in Example 27, 
except that the cells were plated in 96 well microtiter plates Small unilamellar vesicle liposomes (93.2+26.4 nm by 
under the supplier-recommended growth conditions (Lei- 55 QELS) were prepared from distearoylphosphatidylcholine, 
bowitz L-15 with 10% fetal calf serum, no CO supplemen- cholesterol, and PEG-DSPE (3:2:0.045 molar ratio) by 
tation) at a density of 10,000 cells/well, and the drug formu- hydration from a concentrated ethanolic Solution in an aque 
lations were added in a series of 1:3 stepwise dilutions ous solution of triethylammonium sucroseoctasulfate (0.6M 
starting with 0.03-0.1 mg/ml. The cell viability data were triethylammonium, pH 5.7-6.2), followed by repeated extru 
plotted against drug concentration (FIG. 25) and drug con- 60 Sion through polycarbonate membranes (100 nm pore size), 
centrations required to reduce the cell viability to 50% (ICs) removal of extraliposomal polyanionic salt, and loading with 
were estimated from the graphs. ICso of F5-targeted vinorel- vinorelbine by incubation with the liposomes in isoosmotic 
bine liposome 0.06 g/ml) was close to that of the free drug buffer pH 6.5, drug/lipid ratio of 325 mg VRB/mmol phos 
(0.07 g/ml) and substantially lower than that of non-targeted pholipid, at 60° C. as described in Example 42. 
liposomes (2.2 lug/ml). This represents a 37-fold enhance- 65 Female BALB/c homozygous nude mice (6-8 weeks, 
ment in activity as a result of cancer cell-specific targeted weighing 17-20 g) were injected Subcutaneously in the flank 
delivery of the drug. area with 1x10° of HT-29 human colon carcinoma cells 
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(American Type Culture Collection, Rockville, Md.). Start 
ing withday 16 post-tumorinoculation, when the meantumor 
diameter reached 5-8 mm, the mice were randomly divided 
into three groups of six animals each and treated with free or 
liposomal vinorelbine at a dose of 5 mg/kg through the tail 
vein every three days for a total of four injections. For the 
control group, mice were treated with an equal Volume of 
saline. The tumor size of each mice was measured using a 
caliper and the tumor Volume was calculated using the for 
mula: (tumor length)x(tumor width)/2. To assess treatment 
related toxicity, the animals were also weighed twice weekly. 
Liposomal vinorelbine was shown to be considerably more 
efficacious in suppressing the growth of HT-29 tumors that 
free vinorelbine, causing tumors to regress, while in the free 
drug group the tumors always continued to grow (FIG. 28). 
There was little change in animals' body weight during the 
course of treatment indicating that the treatment was well 
tolerated, and that liposomalization did not increase the drug 
toxicity (FIG. 29). 

Example 52 

In vivo Antitumor Efficacy of Liposomal Vinorelbine 
Against C-26 Syngeneic Murine Colon Cancer 

Tumors 

Liposomal vinorelbine and free vinorelbine were prepared 
as in Example 48. Male BALB/c mice (6-8 weeks, weighing 
17-20g) were inoculated subcutaneously with 2x10 of C-26 
murine colon carcinoma cells. At day 17 post-inoculation, 
when the mean tumor diameter reached 5-8 mm, mice were 
randomly divided into six treatment groups of five animals/ 
group. The tumor bearing mice were injected through the 
tail-vein with free vinorelbine at 6 mg/kg, 8 mg/kg, or 12 
mg/kg, and with liposomal vinorelbine at 4 mg/kg or 6 mg/kg 
every three days for a total of four injections. For the control 
group, mice were injected with equal Volume of normal 
saline. Tumor sizes and animals body weights were followed 
as in Example 51. Liposomal vinorelbine even at 4 mg/kg, 
was considerably more efficacious in reducing the tumor 
growth than free drug at 12 mg/kg (FIG. 30), The animal body 
weights in the course of treatment showed little change 
(<10% decrease) indicating that the toxicity of liposomal 
Vinorelbine was not increased compared to that of free drug 
(FIG. 31). 

Example 53 

In vivo Antitumor Efficacy of HER2-targeted 
Liposomal Vinorelbine Against BT-474 Human 

Breast Cancer Xenograft Tumors in Mice: Effect of 
Loading Counter-ion 

VRB-loaded liposomes 99.5+10.2 nm in size were pre 
pared by the TEA-Pn method of Example 41 and TEA-SOS 
method of Example 42, respectively, except that H-CHE 
was not added. VRB was loaded at the drug/phospholipid 
ratio of 350 mg/mmol. HER2-targeted liposomal vinorelbine 
was formed by incubating these liposomes with F5-PEG 
DSPE conjugate (see Example 19) as described in Example 
43. BT-474 HER2-overexpressing human breast carcinoma 
Xenografts were raised in homozygous nude mice as in 
Example 10. At day 25 post tumor cell inoculation, when the 
tumors reached about 200 mm in size (range 144-309 mm), 
the mice were randomized into four groups of eight animals/ 
group, and treated i.v. with 5 mg/kg of free VRB, F5-ILs 
VRB with Pnas a counter-ion, or F5-ILS-VRB with SOS as a 
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84 
counter-ion, at a dose of 5 mg/kg weekly for a total of three 
injections. The control group received equal Volume of nor 
mal saline. The tumors and animal body weights were moni 
tored as in Example 10. HER2-targeted liposomal vinorel 
bine loaded using Sucrose octasulfate was noticeably more 
efficacious in reducing tumor growth than the same targeted 
construct loaded using poly(phosphate), and both immunoli 
posomal preparations were considerably more efficacious 
than free vinorelbine when administered at a dose of 5 mg 
VRB/kg (FIG. 32). The drug-treated mice demonstrated little 
change in weight indicating that the treatment was well tol 
erated (FIG. 33). 

Example 54 

In vivo Antitumor Efficacy of HER2-targeted 
Liposomal Vinorelbine Against BT-474 Human 

Breast Cancer Xenograft Tumors in Mice: Effect of 
PEGylation 

The liposomes of DSPC and cholesterol in the molar ratio 
3:2 were prepared according to Example 48 by hydration of 
the lipid matrix of DSPC, cholesterol, and PEG-distearoylg 
lycerol with PEG mol. weight 2,000 (GS-20, NOF Corp., 
Japan) at a molar ratio 3:2:0.015 ("0.5% PEG”) or 3:2:0.3 
(“10% PEG') via ethanolic solution method in an aqueous 
triethylammonium Sucroseoctasulfate, followed by mem 
brane extrusion according to Example 48. VRB was loaded 
into the liposomes at the drug/phospholipid ratio of 350 
mg/mmol. F5 immunoliposomal vinorelbine was formed by 
incubating these liposomes with F5-PEG-DSPE conjugate. 
(Example 19) as described in Example 43. Nude mice with 
BT-474 xenografts were raised and treated i.v. with free VRB, 
F5-ILs-VRB-"0.5% PEG, or F5-ILs-VRB-"10% PEG at 5 
mg/kg as in Example 53. As shown in FIG. 34, F5-ILs-VRB 
with higher PEGylation provided with a non-ionic PEG lipid 
derivative PEG-DSG was noticeably more efficacious in 
reducing tumor growth than F5-ILs-VRB with lower amount 
of PEG-DSG, while both preparations were more active than 
the free drug. 

Example 55 

In vivo Antitumor Efficacy of EGFR-targeted 
Liposomal Vinorelbine Against U87 Human Brain 

Cancer Xenograft Tumors in Mice 

The liposomes (86.6+12.9 nm in size by QELS) with 
encapsulated 0.65 M TEA-SOS solution were prepared and 
loaded with VRB according to Example 42. Anti-EGFR 
immunoliposomal VRB (C225Fab'-ILs-VRB) was prepared 
by incubation of VRB liposomes with the PEG-DSPE conju 
gate of an anti-EGFR antibody Fab' fragments as described in 
Example 36. 
Male NCR nu/numice (5-6 weeks, weighing 17-20g) were 

injected subcutaneously in the flank area with 1x10" of U87 
human glioblastoma cells (ATCC) suspended in the growth 
medium in a total volume of 150 ul. When the tumor reached 
an average size of 250mm, mice were randomly divided into 
four groups of 10-12 animals. The mice were treated with 
three weekly i.v. injections of “free’ VRB, nontargeted LS 
VRB, or C225Fab'-ILs-VRB at a dose of 5 mg VRB/kg. The 
control group received an equal Volume of saline. The tumor 
sizes and animal body weights were monitored as in Example 
10. C225-Fab'-ILs-VRB was noticeably more efficacious in 
Suppressing the growth of EGFR-overexpressing human 
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brain cancer Xenograft tumors than either non-targeted lipo 
somal vinorelbine or free vinorelbine at an equal dose (FIG. 
35). 

Example 56 

Preparation and Pharmacokinetics of Doxorubicin 
Encapsulated in the Liposomes Using 
Triethylammonium Sulfate Method 

Liposomes with various lipid matrix composition (as indi 
cated in the table below) were formed as described in 
Example 2. N-Glutaryl-DSPE (Glu-DSPE) was from Avanti 
Polar Lipids, Ala., USA. A neat lipid film was formed from 
the lipid solution in chloroform using rotary evaporation, 
trace volatiles were removed under vacuum (90 um Hg, 2 
hours), the lipid film was hydrated in a triethylammonium 
sulfate (TEA-SO) solution (0.65N TEA), subjected to six 
cycles of rapid freeze and thaw, and extruded through two 
stacked 0.1 um pore size polycarbonate filters ten times and 
through two stacked 0.05 um pore size polycarbonate filters 
ten times. For lipid matrix quantification in the blood 
samples, H-CHE was included in the lipid matrix at 0.5-1.5 
mCi/mmol phospholipid. The liposomes with entrapped 
TEA-SO solution were loaded with doxorubicin according 
to Example 2. The liposomes in HEPES-buffered saline (20 
mM HEPES-Na, 135 mMNaCl, pH 6.5) were incubated with 
doxorubicin hydrochloride (drug/phospholipid ratios of 140 
170 mg/mmol) at 60°C. for 45 min followed by quenching on 
ice and removal of unencapsulated doxorubicin by gel chro 
matography. Doxorubicin was assayed by spectrophotometry 
(Example 71), and phospholipid was assayed by Bartlett 
method (Example 70). The properties of resulting liposomes 
are summarized in Table 30 below. 

TABLE 30 

Properties of liposomal doxorubicin at various lipid compositions. 

Liposome size, nm drug? 
(mean it phospholipid 

Lipid composition (molar ratio) SD by QELS) (mg/mmol) 

DSPC/Chol/PEG-DSPE (3:2:0.015) 81.827.3 1636 - 4.4 
DSPC/Chol (3:2) 79.1 27.9 137.O. 17.5 
DSPC/Chol/Glu-DSPE (2.85:2:0.15) 83.6 27.2 1417 - 10.4 
DSPC/Chol/PEG-DSPE (2.7:2:0.3) 83.7 23.1 175.0 - 6.8 

Blood pharmacokinetics of these doxorubicin-containing 
liposomes having lipid composition of DSPC/Chol/PEG 
DSPE2.7:2:0.3 was studied in rats at a single i.v. dose of 5 mg 
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doxorubicin/kg as described in Example 9. The liposomes 
were long circulating (half-life of about 28 hours) (FIG. 36). 
The stable doxorubicin-to-phospholipid ratio indicated that 
the formulation was remarkably stable against the drug leak 
age in the circulation, losing less than 25% of the drug over a 
48-hour time period. 

Example 57 

Doxorubicin-loaded Liposomes and Anti-HER2 
Immunoliposomes Prepared by TEA-sulfate Method: 
Preparation and in vivo Antitumor Efficacy Against 

HER2-overexpressing Human Breast Cancer 
Xenografts 

Doxorubicin-loaded liposomes having various lipid com 
positions and properties (listed in the table below) were pre 
pared as described in Example 56. Doxorubicin-loaded anti 
HER2 immunoliposomes were prepared from doxorubicin 
loaded liposomes by co-incubation with anti-HER2 schv 
F5-PEG-DSPE conjugate (approx. 30 schv/liposome) as 
described in Example 19. NCR nu/nu mice bearing the sub 
cutaneous human breast tumor xenograft (BT-474) were 
raised, treated (in groups of 10-12 animals) with liposomal or 
anti-HER2 immunoliposomal doxorubicin at a dose of 5 
mg/kg once weekly for a total of three weeks once the tumors 
reached an average size of 200 mm, and the tumor progres 
sion and animal body weights were monitored as described in 
Example 29. For non-targeted doxorubicin liposome formu 
lations, the lipid compositions containing no PEG-DSPE, 0.5 
mol.% PEG-DSPE, or 10 mol.% PEG-DSPE, were studied; 
for F5-immunoliposomal doxorubicin, the formulations with 
0.5 mol % PEG-DSPE and 10 mol % PEG-DSPE were 
studied (here the quantity of PEG-DSPE is expressed as mol. 
% of liposome phospholipid). The results (FIG.37, Table 31) 
demonstrated that all doxorubicin treatments were effective 
in retarding the tumor growth. On the basis of tumor sizes at 
day 53 post inoculation, the differences in tumor growth 
inhibition among all three non-targeted liposome groups did 
not raise to statistical significance (ANOVA p=0.081), but the 
immunoliposome doxorubicin was significantly more effica 
cious than non-targeted liposomal doxorubicin (ANOVA 
p=5.5x10'), the “10% PEG-DSPE' formulation being 
more efficacious than “0.5% PEG-DSPE” (Student's t-test, 
p=0.027). In the “10% PEG-DSPE F5-ILs group, the tumors 
regressed to 1 mm or less in 67% of animals, while in "0.5% 
PEG-DSPE F5-ILs group only in 9%. In the control group 
(saline treatment) the tumors exceeded the acceptable size 
limit of 15% body weight at day 38-43. 

TABLE 31 

Liposomal doxorubicin in vivo antitumor efficacy study: liposome characteristics and 

Lipid composition 

DSPC/Chol/PEG-DSPE (3:2:0.015) 
DSPC/Chol (3:2) 
DSPC/Chol/PEG-DSPE (2.7:2:0.3) 
DSPC; Cho, PEG-DSPE 

treatment Outcomes. 

(3:2:0.015) + F5 scFv-PEG-DSPE 
DSPC/Chol/PEG-DSPE (2.7:2:0.3) + F5 
ScFy-PEG-DSPE 

Liposome drug phospholipid Average tumor size 
size, nm ratio, mg/mmol at day 58, mm 

(meant SD) (meant SD) (meant SEM) 

834 - 23.3 136.7 6.7 490 - 74 
80.5 - 26.6 151.2 - 1.9 S87 61 
81.024.7 140.1 + 4.2 365 - 60 

not measured 140.7 2.8 11939 

not measured 132.92.2 1S.S 7.6 
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Example 58 

Preparation of Liposomal Vinblastine and Blood 
Pharmacokinetics of Liposomal Vinblastine in Rats 

Liposomes with entrapped aqueous TEA-SOS solution 
(0.65 M TEA, pH 6.4, osmolality 502 mmol/kg) and size 
99.5+10.2 nm (meaniSD by QELS) were prepared by the 
method of Example 11 using extrusion 2 times through two 
stacked 0.2 um polycarbonate membranes and ten times 
through two stacked 0.08 um polycarbonate membranes. Vin 
blastine (VBL) in the form of vinblastine sulfate USP was 
added at a drug-to-phospholipid ratio of 150 mg/mmol. The 
pH of the drug-liposome mixture was adjusted to 6.5 using 1 
NNaOH, and the mixture was subsequently incubated at 60° 
C. for 30 min. The reaction was then cooledonice for 15 min 
and unencapsulated drug removed using Sephadex G-75 gel 
filtration chromatography, eluting with 5 mM HEPES-Na, 
135 mM NaCl, pH 6.5. The purified liposomes were then 
analyzed for VBL spectrophotometrically and for phospho 
lipid by Bartlett method as in Examples 70 and 71. H-CHE 
was included in the formulation at a ratio of 1.5 mCi/mmol 
phospholipid. The liposomal vinblastine had 152.4+12.0 mg 
VBL/mmol phospholipid (quantitative encapsulation). 

Blood pharmacokinetics of the liposomal vinblastine in 
female Albino rats (8-9 weeks old; 200 g) at a dose of 5 mg 
VBL/kg was studied as described in Example 9. Vinblastine 
was quantified in blood plasma samples as described in 
Example 41 (using vinorelbine as internal standard). Vinblas 
tine liposomes showed good circulation longevity (plasma 
half-life of the lipid component 12.8+0.04 hours) (FIG. 38) 
and very good stability against drug leakage from the lipo 
somes with greater than 70% of the initial vinblastine load 
remaining encapsulated after 24 h (FIG. 39). The post-injec 
tion time to achieve release of 50% of the encapsulated drug 
was found to be 40.6+ 1.2 hours. 

Example 59 
Preparing Liposomes Loaded with Vincristine Using 

TEA-SOS Method and the Effect of pH on the 
Loading Efficiency 

Liposomes with the size of 86.6+12.9 nm (by QELS), lipid 
composition of DSPC/Chol/PEG-DSPE in the molar ratio of 
3:2:0.015 and entrapped aqueous TEA-SOS solution (0.65 M 
TEA, pH 5.4, osmolality 521 mmol/kg) were prepared by the 
method of Example 11 using extrusion step of 15 passages 
through two stacked 0.08 um pore size polycarbonate mem 
branes. Vincristine (VCR) was added to the liposomes in 5 
mM HEPES-Na, 5% dextrose aqueous buffer, pH 6.5, as 
Vincristine Sulfate at a drug-to-phospholipid ratio of 350 ug 
Vincristine/umol phospholipid, the pH was adjusted to the 
indicated ratio using 1 NNaOH, the mixture was incubated at 
60° C. for 30 min, chilled on ice for 15 min, and the liposomes 
were separated from unencapsulated drug using Sephadex 
G-75 gel filtration chromatography, eluting with HBS-6.5 (20 
mM HEPES, 135 mM NaCl, pH 6.5). The purified liposomes 
were then analyzed for Vincristine by spectrophotometry 
using absorbance at 265 nm after solubilization in acid iso 
propanol, and for the phospholipid content using the phos 
phate assay of Bartlett (1959). 
The results are shown below in Table 32. The drug loading 

was in excess of 90% in the range of pH 4.5-7.5, and practi 
cally quantitative at pH 5.0-7.5. At pH 3.5, which is the pH 
observed in the liposome mixture after addition of the drug, 
but without pH adjustment, the loading was considerably 
lower. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

88 
TABLE 32 

pH-Dependence of Vincristine loading into liposomes with 
entrapped TEA-SOS. 

pH Drug phospholipid ratio, lg, Imol Loading efficiency (%) 

3.5 39.74.9 11.3 O2 
4.5 327.2 20.6 93.5 5.4 
S.O 360.6 5.8 103.0 - 1.7 
5.5 371.230.2 106.19.1 
6.O 347.7 20.4 99.3 5.8 
6.5 347.7 20.9 99.4 5.9 
7.0 377.3 22.2 1078 - 6.8 
7.5 371.5 - 24.9 106.1 - 7.6 

Example 60 

Preparing Liposomes Loaded with Vincristine Using 
TEA-SOS Method: Effect of the Drug/lipid Ratio on 

the Loading Efficiency 

SOS-TEA-containing liposomes were prepared as in 
Example 59 and loaded with Vincristine sulfate at a drug-to 
phospholipid ratio of 150-550 ug Vincristine/umol phospho 
lipid at pH 6.5 according to the procedure of Example 59. The 
liposomes purified from unencapsulated drug were then ana 
lyzed for VCR by spectrophotometry and for the liposome 
phospholipid using the assay of Bartlett (1959). The drug 
loading efficiency was in excess of 90% over the whole stud 
ied range of drug/lipid ratios, and was practically quantitative 
between 150-450 ug Vincristine/umol phospholipid (Table 
33). 

TABLE 33 

Vincristine loading into liposomes containing TEA-SOS at different 
drug-to-lipid ratios. 

Input Encapsulated 
drug-to-phospholipid drug-to-phospholipid Loading 

(Lug Imol) (Lug Imol) efficiency (%) 

150 1636 - 6.6 109.04.8 
250 251.1 - 17.0 100.5 - 6.8 
350 347.7 20.9 99.4 5.9 
450 452.O. 18.8 100.4 4.2 
550 521.6 24.9 94.84.3 

Example 61 

Preparing Immunoliposomal Vincristine and 
Cytotoxicity of Liposomal and Immunoliposomal 

Vincristine Against Cancer Cells In vitro 

Liposomal Vincristine (LS-VCR) was prepared as 
described in Example 59 using the drug/phospholipid ratio of 
350 mg/mmol. HER2-specific F5-immunoliposomal Vincris 
tine (F5-ILs-VCR) was prepared from the liposomal Vincris 
tine by co-incubation with anti-HER2 sclv F5-PEG-DSPE 
conjugate as described in Example 19. “Free' Vincristine 
(VCR) solution was prepared by dilution of Vincristine sul 
fate USP in water, followed by sterile filtration. Cytotoxicity 
of VCR, LS-VCR, and F5-ILs-VCR against HER2-overex 
pressing human breast carcinoma cells SKBr-3 (ATCC) was 
determined by MTT-based cell viability assay using the pro 
cedure of Example 27, wherein the cells were inoculated into 
96-well microtiter plates at 5,000 cells/well, acclimated over 
night, and incubated with the drug-containing media for 4 
hours, followed by post-incubation in a drug-free medium for 
3 days. The results are shown on FIG. 40. The ICso was 75 
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ng/ml for free VCR, 11 ng/ml for F5-ILs-VCR, and 3 ug/ml tion of DSPC/Chol/PEG-DSPE (molar ratio 3:2:0.015) also 
for LS-VCR. The targeted liposomal Vincristine prepared containing H-CHE at 1.5 mCi/mmol phospholipid were 
according to the invention was 6.8 times more active than the prepared by the method of Example 11 using extrusion step of 
free drug, and 273 times more active than non-targeted lipo- 10 passages through two stacked polycarbonate membranes 
Somal drug, showing Substantial enhancement in anticancer s with the pore size of 50 nm or 80 nm. The liposomes were 
activity as a function of cell-specific drug delivery. loaded with VCR at pH 6.5 as described in Example 59 by 

adding a stock 20 mg/mL aqueous VCR sulfate solution at the 
Example 62 calculated drug/lipid ratios of 100, 200, or 350 mg/mmol 

phospholipid. The efficiency of drug loading was over 96% 
Blood Pharmacokinetics of LS-VCR in Rats to for all preparations. The VCR-loaded liposomes were admin 

istered i.v. to female albino rats (8-9 week old, 190-220 g) at 
Liposomes with entrapped SOS-TEA solution (0.65 M a dose of 5 mg VCR/kg, and the blood pharmacokinetics of 

TEA, pH 5.8, osmolality 530 mmol/kg), and lipid composi- the drug and the liposome lipid was studied as described in 
tion of DSPC/Chol/PEG-DSPE (molar ratio 3:2:0.015), also Example 62. The results are shown in Table 35. Liposomal 
containing H-CHE at 1.5 mCi/mmol phospholipid, were is Vincristine had good circulation longevity (blood half-life of 
prepared by the method of Example 11 using extrusion step of the drug about 20-30 hours) and was exceptionally stable at 
10 passages through two stacked polycarbonate membranes all studied sizes and drug-to-lipid ratios (half-life of drug 
with the pore size of 80 nm or 100 run. The liposomes were release over 93 hours). 

TABLE 35 

Characteristics of liposomes loaded with wincristine using TEA-SOS method at 
Various drug/lipid ratios. 

Extrusion Liposome VCR, mg/mmol t1/2 drug 
pore size, size, nm phospholipid to lipid, t2 VCR, release, 

ill (meant SD) added encapsulated hours hours hours 

50 76.8 27.2 100 96.13.O 35.6 2.7 3O3 + 4.O 22796 
2OO 1933 - 3.9 20.8 2.2 1840.7 244 - 130 
350 375.2 10.O 24.8 O.9 19.6 O.9 93.2 6.7 

8O 101.6 25.3 100 104.5 2.1 33.0 - 7.6 26.84.8 153 10 

loaded with VCR at pH 6.5, drug/phospholipid ratio of 350 Example 64 
mg/mmol, as described in Example 59. The VCR-loaded 
liposomes were administered i.v. to female albino rats (180- 35 Preparation of HER2-targeted Liposomal Vincristine 
220g) at a dose of 5 mg VCR/kg, and the blood pharmaco- and Antitumor Efficacy of Non-targeted and 
kinetics of the drug and the liposome lipid was studied as HER2-targeted Liposomal Vincristine Against 
described in Example 9. The amount of VCR in the blood HER2-Overexpressing Human Breast Cancer 
samples was quantified by HPLC as described in Example 41, Xenografts in Mice 
except that the volume ratio of aqueous triethylammonium " 
acetate (pH 5.5) and acetonitrile in the mobile phase was Vincristine-loaded liposomes (LS-VCR-SOS) using TEA 
65:35. The typical retention time for VCR was 8.8 min. The SOS method were prepared according to Example 63 (with 
results are shown in FIG. 41 and Table 34. Both preparations omission of H-CHE component) using 50 nm pore size 
had extensive circulation longevity (blood half-lives of 12-17 45 membrane extrusion and drug loading at drug/phospholipid 
hours). Liposomal Vincristine was remarkably stable against ratio of 100 mg/mmol. F5 immunoliposomal Vincristine (F5 
drug leakage in both preparations (half-release time over 120 ILs-VCR) was formed by incubating LS-VCR-SOS with anti 
hours) (FIG. 42). HER2 schv F5-PEG-DSPE conjugate (Example 19) as 

TABLE 34 

Characteristics of liposomes loaded with vincristine at 350 mg/mmol phospholipid 
using TEA-SOS method. 

Liposome Drug load, 
Extrusion size, nm mg/mmol t1/2p lipid, t2p VCR, to VCR 

pore size, nm (mean HSD) phospholipid hours hours release, hours 

8O 101.2 20.2 347.7 20.93 17.5 - 1.5 16.O 2.0 >120 
100 125.632.0 366.8 - 18.11 12.1 - 0.7 12.0 - 0.8. Not detectable 

60 - - - - Example 63 described in Example 43. Vincristine-loaded liposomes using 
TEA-citrate (LS-VCR-Cit) were prepared similarly to LS 

Blood Pharmacokinetics of LS-VCR in Rats at VCR-SOS liposomes, except that triethylammonium citrate 
Various Drug/lipid Ratios Solution (prepared by titrating aqueous citric acid with neat 

65 triethylamine to pH 5.1 and adjusting the concentration to 
Liposomes with entrapped SOS-TEA solution (0.65 M 0.65Mtriethylamine) was substituted for TEA-SOS solution. 

TEA, pH 6.4, osmolality 485 mmol/kg), and lipid composi- The treatment study design followed the method of Example 
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10. Subcutaneous xenograft tumors of BT-474 human breast 
carcinoma were raised in nude mice, and when the tumors 
reached the size of 250mm3 (rangel44-309 mm) the mice in 
the groups of eight to nine, were treated with free VCR, 
Ls-VCR, or F5-ILs-VCR at a weekly i.v. dose of 2 mg VCR/ 5 
kg for a total of three weeks, starting at day 19 post tumor 
inoculation. The tumor sizes and animal body weights were 
monitored as described in Example 10. For the control group, 
mice were treated with an equal volume of saline. The differ 
ences in tumor sizes between the treatment groups were sta 
tistically assessed at day 63 post tumor inoculation using 
Mann-Whitney test. The dynamics of average tumor size in 
the groups is shown in FIG. 43. F5-ILs-VCR demonstrated 
maximum efficacy when compared to either LS-VCR or free 
VCR, causing at day 63 complete tumor regressions in six out 
of eight animals (75%). LS-VCR-Cit was also effective, caus- 15 
ing complete tumor regressions still observed at day 63 in two 
out of nine animals (22%), however, it was less effective than 
F5-ILs-VCR (p<0.005). LS-VCR-SOS and free VCR were 
equally effective (p-0.2) andless effective than either F5-ILS 
VCR or LS-VCR-Cit. Thus, surprisingly, with cell-targeted 20 
delivery, a liposomal drug encapsulated using a polyvalent 
anion of the present invention proved more efficacious than 
the drug liposomally encapsulated via non-binding anion. 
Animal body weight dynamics showed that all liposomal 
VCR preparations were less toxic than free VCR, causing less as 
body weight loss during treatment (FIG. 44). 

10 

Example 65 

Preparation of EGFR-targeted Liposomal Vincristine 
and Antitumor Efficacy of Non-targeted and 
EGFR-targeted Liposomal Vincristine Against 
EGFR-overexpressing Human Brain Cancer 

Xenografts in Mice 

30 

Vincristine-loaded liposomes (LS-VCR) were prepared 35 
using TEA-SOS method as in Example 64. EGFR-targeted 
immunoliposomal Vincristine was prepared by co-incubation 
of the liposomes with anti-HER2 Fab' C225Fab-PEG-DSPE 
conjugate as described in Example 36. 
Male NCR nu/nu mice (5-6 week old, weighing 17-20 g) 40 

were injected subcutaneously in the flank area with 0.15 ml of 
the cell growth medium containing 1x107 U87 human glio 
blastoma cells stably expressing epidermal growth factor 
receptor (HER1) mutant EGFRVIII. At day 11 when the mean 
tumor size reached 300-400 mm, the mice were randomly 45 
divided into four groups of 10-12 animals/group. Treatments 
with free VCR (Vincristine sulfate 1 mg/mL in saline), LS 
VCR, or C225Fab-ILs-VCR at i.v. dose of 1.5 mg/kg were 
administered on days 11, 18, and 25 post tumor inoculation. 
Mice in the control group were similarly injected with an 50 
equal Volume of normal saline. The tumor sizes and mouse 
body weights were monitored as in Example 10. The results 
are shown in FIG. 45. All animals treated with VCR formu 
lations showed retardation of tumor growth compared to con 
trol animals. There was no significant difference between the 55 
groups treated with free VCR and LS-VCR. EGFR-targeted 
C225Fab-ILs-VCR was more efficacious than free or non 
targeted liposomal VCR. 

Example 66 60 

Preparation of Liposomes with Entrapped 
Triethylammonium Inositol Hexaphosphate 

(TEA-IHP) Solution 
65 

A polyanionized polyol, inositol hexaphosphate (IHP) 
dodecasodium salt, was obtained from Sigma (St. Louis, 

92 
Mo.). Aqueous solution containing 0.65 M triethylammo 
nium and 0.681 M of phosphate groups, pH 6.5, and osmo 
lality of 718 mmol/kg, was prepared by ion-exchange on the 
DoweX 50W x8-200 cross-linked sulfonated polystyrene 
resin followed by titration with neat TEA and dilution with 
water according to the procedure of Example 4. The residual 
sodium content was less than 1% of the sum of cations. Dry 
lipids (150 umol DSPC, 100 umol Chol, 0.75 umol PEG 
DSPE) were dissolved in 0.5 ml of 100% ethanol USP at 60° 
C. and mixed with 4.5 ml of triethylammonium inositol 
hexaphosphate solution pre-heated to the same temperature. 
The ethanol was partially removed by rotary evaporation at 
30-40 mm Hg and 40-45° C. until the mixture showed no 
bubbling. The lipid suspension was then extruded at 60-65° 
C. 15 times through two stacked 0.1 um pore size polycar 
bonate membranes. The resulting liposomes were 
104.3+39.0 nm in size by QELS. The unencapsulated triethy 
lammonium IHP was removed by gel chromatography on a 
Sepharose 4B column, eluted with 5 mM HEPES-Na, 5% 
dextrose, pH 6.5 buffer, and the liposomes were quantified by 
phospholipid concentration using Bartlett's method with 
extraction according to Example 70. 

Example 67 

Loading of Drugs into Liposomes with Entrapped 
TEA-IHP Solution 

The liposomes of Example 67 were loaded with CPT11 or 
vinorelbine Vinorelbine was loaded at a drug-to-phospholipid 
ratio of 175 or 350 g/mol, and CPT11 at a ratio of 250 or 500 
g/mol. The drugs were added to the liposomes in the HEPES 
dextrose buffer (Example 67) at the input drug/phospholipid 
ratios, indicated below (see Table 36). If necessary, the pH 
was adjusted to 6.5-6.8 using 1 NNaOH. The mixtures were 
incubated at 60°C. for 30 min, cooled down on ice for 15 min, 
and chromatographed on a Sephadex G-25 gel filtration col 
umn, eluted with 5 mM HEPES-Na, 145 mM NaCl, pH 6.5. 
Aliquots of the purified liposomes were solubilized in acidi 
fied methanol and analyzed by spectrophotometry (Example 
71). Phospholipid was quantified by the method of Bartlett 
(1959) with extraction (Example 70). Both drugs loaded 
quantitatively (i.e., practically 100%) into the liposomes, as 
shown below in Table 36. 

TABLE 36 

Properties of drugs loaded into liposomes with entrapped 
inositol hexaphosphate. 

Encapsulated drug 
Input drug lipid ratio, lipid ratio, gmol Loading 

Drug g/mol phospholipid phospholipid efficiency,% 

Vinorelbine 175 1753 - 8.0 100.2 - 4.5 
Vinorelbine 350 352.3 11.8 100.6 - 3.3 
CPT-11 250 2651 11.2 106.1 4.7 
CPT-11 500 S18.7 27.8 103.75.8 

Example 68 

Chemical Stability of Free or Liposomal CPT-11 in 
the Presence of Mouse Plasma In vitro 

In the body, CPT-11, which is a pro-drug, undergoes 
chemical transformation to form an active drug metabolite 
known as SN-38. Both SN-38 and CPT-11 are also converted 
from their active lactone forms into an inactive products 
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known as a SN-38 or CPT-11 carboxylates. In this Example 
the effect of liposomalization of CPT-11 in accordance with 
the present invention on the CPT-11 chemical conversion into 
these products in the presence of blood plasma was studied. 
Liposomes with entrapped triethylammonium Sucroseocta 
sulfate (0.65 M TEA, pH 6.4, osmolality 485 mmol/kg) and 
lipid composition of DSPC, Cholesterol, and PEG-DSPE in a 
molar ratio of 3:2:0.015 were prepared according to Example 
11, using extrusion ten times through two stacked 0.08 um 
polycarbonate filters. The liposomes were 87.4+ 19.2 nm in 
size by QELS. CPT-11 was loaded at approximately 500 mg 
of CPT-11 base/mmol liposome phospholipid by incubation 
in an aqueous 5 mM HEPES-Na, 5% dextrose, pH 6.5, at 60° 
C. for 30 min., followed by quenching on ice for 15 min. The 
CPT-11-loaded liposomes were then purified on a Sephadex 
G-75 column eluted with HEPES buffered saline (5 mM 
HEPES, 145 mM NaCl, pH 6.5). The resulting CPT-11 lipo 
somes had 536.5+20.1 mg CPT-11/mmol of phospholipid. 
Free CPT-11 solution was prepared by freshly dissolving 
Irinotecan Hydrochloride USP at 1 mg/ml in 144 mM aque 
ous NaCl, acidified to pH 3 with diluted HC1. Ten-ul aliquots 
of free or liposomal CPT-11 or free CPT-11 were mixed with 
90 ul of heparin-stabilized mouse plasma (Harlan Bioprod 
ucts, USA) and incubated at 37°C. in a shaking water bath. At 
a given time point liposome samples, in triplicate, were chro 
matographed on Sepharose CL-4B size exclusion columns (2 
ml bed volume) eluted with HBS-6.5, and the drug-contain 
ing fractions were detected by fluorescence. The first (void 
Volume) and second (trailing) drug-containing peaks were 
collected and considered as the liposomally encapsulated and 
released drug fractions. The samples were extracted with 400 
ul of ice-cold methanol by vortexing for 10s followed by 
centrifugation at 14,100xg for 5 min. The supernatants were 
analyzed for CPT-11 and its conversion products by HPLC 
using modification of a method by Warner and Burke, J 
Chromatogr., Ser. B Biomed. Sci. Appl. 1997, vol. 691, p. 
161-71. The mobile phase consisted of 3% triethylammo 
nium acetate pH 5.5 (solution A) and acetonitrile (solution B) 
delivered at 1.0 ml/min in a linear gradient of 20 vol% B to 50 
Vol.% B in 14 min. The eluted products were detected by 
fluorescence with an excitation at 375 nm and emission at 500 
nm. The retention times were 5.3 min (CPT-11 carboxylate), 
6.8 min (SN-38 carboxylate), 9.3 min (CPT-11) and 11.0 min 
(SN-38). The results (Table 37) indicated that while free 
CPT-11 and CPT-11 released from the liposomes underwent 
conversion, intraliposomal CPT-11 was quite stable. 

TABLE 37 
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Example 69 

In vivo Chemical Stability of Free or Liposomal 
CPT-11 in Rats 

Liposomal CPT-11 was prepared as in Example 68 using 
triethylammonium sucroseoctasulfate having 0.65 M TEA, 
pH 6.4, and osmolality 502 mmol/kg. The liposome size was 
98.5+18.4 nm, and CPT-11 encapsulation was 510.1+16.5 
mg CPT-11/mmol phospholipid. The liposomal and free 
CPT-11 was administered intravenously at the dose of 25 
mg/kg into female Albino rats (180–220 g) with indwelling 
central venous catheters, and the blood samples were with 
drawn at intervals over the period of 48 hours. The blood 
samples were mixed with ice-cold PBS containing 0.04% 
EDTA and quickly centrifuged to remove blood cells. Ali 
quots of the supernatant fluids were assayed for CPT-11, 
SN-38, and their carboxylate forms by HPLC as in Example 
68 above. The results are shown in FIGS. 46 and 47. Whereas 
the free CPT-11 was cleared very rapidly, being undetectable 
after 30 min, the liposomal CPT-11 was persistent in the 
circulation (t. 15.2 hours) with 37.8% of the drug in the 
blood at 24 h, and approximately 10% of the drug still in the 
circulation after 48 h. There was no detectable conversion of 
the liposomal form of CPT-11 to either SN-38 or the carboxy 
late form of CPT-11. Free CPT-11, i.e. administered as a 
solution, cleared from the circulation quite fast (half-life of 
about 16 min), and there was appreciable conversion to the 
carboxylate form of the drug. 

Example 70 

Quantification of the Liposome Phospholipid 

Modified acid digestion blue phosphomolybdate method 
I. This method is modified after Bartlett (1959). 10-20 ml 
aliquots of liposomes are placed into heat-resistant glass 
tubes, digested by heating with 0.5 ml of 10 N sulfuric acid for 
2 hours at 110-130° C., mineralized by addition of 50 ml of 
9% hydrogen peroxide, and heated for additional 30 min. 
until no hydrogen peroxide is detected by an indicator paper 
strip. The digested samples at ambient temperature are 
diluted with 1 ml of 0.2% aqueous ammonium molydbate, 
mixed with 0.1 ml of 5% aqueous ascorbic acid, and incu 
bated on a boiling water bath for 10 min. The absorbance of 
reduced phosphomolybdate complex is measured at 800 nm 

Conversion of free and liposomal CPT-11 into SN-38 and carboxylate forms in 
mouse plasma in vitro. 

CPT-11, 9% SN-38,96 

Sample Time, hours lactone carboxylate lactone carboxylate 

Free CPT-11 2 1904 35.21.9 4.4 + 0.1 58.4.2.1 

12 <0.1 11.5 + 0.9 9.90.8 786 - 1.3 

24 <0.1 <0.1 22.59.8 77.5-9.8 

LS-CPT-11 12 97.7 O.1 <0.1 23 O.1 <0.1 

(encapsulated) 24 97.7 O.1 <0.1 23 O.1 <0.1 

LS-CPT-11 12 60.5 - 10.4 25.0 - 7.1 S.O.O.3 9.5 3.0 

(released) 24 78.3 6.7 14.O.5.2 6.5 - O.S 1.2 - 1.7 
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and compared to a standard curve concurrently produced 
using inorganic phosphate standard Solutions. 

Modified acid digestion blue phosphomolybdate method 
II. This method is a modification of the method by Morrison 
(1964). 5ul aliquots of liposomes having 1-10 mM phospho 
lipid are mixed with 60 ul of concentrated sulfuric acid and 10 
ul of 30% hydrogen peroxide in heat-resistant glass tubes. 
The mixtures are heated at 200-220° C. for 10 min., diluted 
with 0.7 ul of deionized water, mixed with 10 ul of 10% 
aqueous sodium sulfite, incubated on a boiling water bath for 
5 min, and chilled downto ambient temperature. 200 ul of 2% 
aqueous ammonium molybdate and 10 Jul of 10% aqueous 
ascorbic acid are added, and the samples are incubated on a 
boiling water bath for 10 min. Samples are quickly chilled to 
ambient temperature, and the absorbance of reduced phos 
phomolybdate complex is determined at 825 nm against the 
blank sample. The amount of phospholipid is determined 
from the standard curve obtained in the same run using stan 
dard Solutions having 2, 4, 6, 8, and 10 mM potassium dihy 
drogen phosphate. 

Extraction method. 25-100 ul aliquots of liposomes are 
extracted 3 times with 200 ul portions of methanol-chloro 
form mixture (1:2 by Volume). The organic phases are com 
bined in a heat-resistant glass tube, and the solvents are 
removed in vacuum. The residues are treated with 10N sul 
furic acid and further assayed for phosphorus according to the 
method I above. 

Unless indicated otherwise, the analytical data are pre 
sented as the meantstandard error of triplicate runs. 

Example 71 

Quantification of Drugs in the Liposomes 

Spectrophotometric quantification. Aliquots of liposomes 
(10-50 ul) are mixed with 1 mL of 70 Vol.% aqueous isopro 
panol containing 0.075-0.1 N HCl, and the absorbance 
against the blank sample is measured at the following wave 
lengths: doxorubicin, 485 nmi; CPT-11 and topotecan, 372 
nm, ellipticines, 306 nm, vinorelbine, 270 nm: Vincristine and 
vinblastine, 265 nm. The amount of drug is determined by 
comparison to a concurrently run standard curve. 

Fluorometric quantification. Aliquots of liposome-con 
taining samples (e.g., blood plasma) are diluted with acidified 
isopropanol (0.02-0.1 ml aliquots: 1 mL of 70% isopropanol 
0.075 NHCl; >0.1 ml aliquots: 90% isopropanol-0.1 NHCl 
to 1 mL). If protein precipitation occurs, the samples are 
incubated on ice 1-2 hours and clarified by centrifugation 10 
min at 12,100xg. The fluorescence of the supernatants is 
measured at the following wavelengths: CPT-11, excitation 
370 nm, emission 423-425 nmi; Topotecan, excitation 380 
385 nm, excitation 520-525 nmi; ellipticines, excitation 306 
nm, emission 520 nm. The amount of drug is calculated from 
concurrently run standard curves after subtraction of the 
blank fluorescence. 

Example 72 

Effect of Lipopolymers on the Loading Efficiency of 
Vinorelbine into Liposomes 

Liposomes composed of DSPC 200 molar parts, choles 
terol 133 molar parts, and poly(ethylene glycol)(mol. weight 
2,000)-derivatized lipids PEG-DSPE (1-20 molar parts) or 
PEG-DSG (20 molar parts), and containing encapsulated 
0.65 M TEA-SOS solution were prepared according to the 
method of Example 11, using 80 nm pore size membrane for 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

96 
extrusion step. The liposomes were loaded with vinorelbine 
at the drug/phospholipid ratio of 350 mg/mmol and purified 
from unencapsulated drug according to the method of 
Example 40. The liposomes were assayed for drug and lipid 
content as described in Examples 70, 71, and for the liposome 
size by QELS using Volume-weighted Gaussian approxima 
tion. The results (Table) indicated that while anionic PEG 
derivative, PEG-DSPE, at the amount of more than 1 mole 96 
of the liposome phospholipid (0.3 mole % of the total lipid), 
had negative effect on the drug loading efficiency, the neutral 
derivative, PEG-DSG, surprisingly, did not affect the loading 
efficiency even at 9.1 mole % of the liposome phospholipid 
(5.7 mole % of total lipid). 

TABLE 38 

Properties of vinorelbine liposomes prepared by TEA-SOS method 
at various amounts of PEG-lipid derivatives. 

PEG-lipid 
amount, Liposome Drug load, Loading 
mol.% size, nm mg/mmol efficiency,% 

PEG-lipid of total lipid (mean SD) phospholipid encapsulation 

PEG-DSPE O.3 10832 359.S. 17.8 102.75.2 
PEG-DSPE O.6 110 - 18 346.6 14.5 99.0 - 4.1 
PEG-DSPE 1.8 104 - 35 332.O. 14.O 94.93.8 
PEG-DSPE 2.9 94 33 259.89.5 74.2 2.0 
PEG-DSPE 4.0 1OO 36 155.4 7.O 44.4 O.9 
PEG-DSPE 5.7 103 - 31 61.25.2 17.5 - 0.3 
PEG-DSG 5.7 97.36 362.7 - 14.2 103.6 4.2 

Example 73 

Effect of Intraliposomal Drug-trapping Agent on the 
Blood Longevity of CPT-11 in Mice 

Liposomes with entrapped 0.65N solutions of triethylam 
monium (TEA) or triethanolammonium (TEOA) salts of 
inositol hexaphosphate (IHP, phytic acid) or Sucrose octasul 
fate were prepared and loaded with CPT-11 at 500 g/mol 
phospholipid following general procedure of Example 66. 
The liosomes were administered intravenously to Swiss 
Webster mice in the dose of 5 mg. CPT-11/kg body weight. 
Twenty four hours later, the mice were anesthetized, and 
exsanguinated via open heart puncture. The blood was col 
lected, analysed for CPT-11 content in the blood plasma by 
HPLC as described in Exampe 68, and the drug amount was 
expressed as % of injected dose remaining in the blood (% 
ID). TEOA-IHP was less effective in improving the blood 
longevity of the drug than TEA-IHPTEOA-SOAS, and TEA 
SOS (Table 39). 

TABLE 39 

CPT-11 remanence in the blood 24 hours following intravenous 
administration of CPT-11 liposomes in mice. 

Intraliposomal drug-trapping agent % ID remaining in the blood 

TEOA-IHP 2.74 - 0.54 
TEA-IHP 586 - 0.2O 
TEOA-SOS 7.03 - 0.17 
TEA-SOS 11.32 0.46 

Example 74 

Drug Loading into Liposomes Containing 1.05 N 
Diethylammonium Sucrose Octasulfate 

Aqueous solution of 1.05 N diethylammonium sucrose 
octasulfate (DEA-SOS) pH 6.0, osmolarity 727 mmol/kg, 
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was prepared using ion-exchange/titration method of 
Example 6 using neat diethylamine (99.5% purity). The lipid 
matrix of 3 molar parts DSPC, 2 molar parts Cholesterol, and 
0.015 molar parts PEG2000-DSPE, was formulated into lipo 
Somes (volume-weighted average size 92.4 nm) in the pres 
ence of DEA-SOS solution, and CPT-11 was loaded in the 
liposomes as various drug/lipid input ratios using the method 
of Example 11. Non-encapsulated drug was removed by gel 
chromatography, and the amount of encapsulated drug per 
unit lipid (drug/lipid output ratio) was determined. Encapsu 
lation efficiency was calculated as % of drug/lipid output ratio 
relative to input ratio. The results are shown in Table 40. The 
loading achieved its maximum level of about 1.76 mol drug 
per mol phospholipid (1.67-1.70 mol drug/g total lipid), 
which is in good agreement with the amount (1.78 mol 
diethylammonium/mol phospholipid) based on the 
diethyammonium content of the liposomes, assuming stio 
chiometric exchange of intraliposomal diethylammonium 
ions for the drug molecules and estimated intraliposomal 
entrapped Volume of approximately 1.71/mol phospholipid. 

TABLE 40 

Loading of CPT-11 in DSPC/Chol/PEG-DSPE liposomes 
containing 1.05 N DEA-SOS. 

Drug lipid input ratio, Drug lipid output ratio, Encapsulation efficiency, 
molfg molfg % 

1.25 1247 O.O38 99.83.0 
1...SO 1534 0.052 102.3 3.5 
18O 1669 O.O43 92.7 24 
2.06 1690 - 0.054 820 2.6 
2.2O 1.7.04+ 0.062 77.5 2.8 
2.42 1685 (0.103 69.6 4.3 

Example 75 

Pharmacokinetics of Topotecan in a Liposomally 
Encapsulated and Free (Solution) Form Delivered by 

CED in the Brain Tissue of the Rats 

Liposomal topotecan containing a liposome matrix of 
DSPC/Chol/PEG-DSPE (3:2:0.015 molr ratiol) using 
TEASOS loading method (0.65 M TEA) and a TPT-to-PL 
ratio of 350 g TPT/mol PL as described previously in 
Example 18. Free 9non-liposoma) topotecan was pretared by 
freshly dissolving Topotecan hydrochloride in aqueous 5% 
dextrose USP. The drugs were infused at a concentration of 5 
mg topotecan/ml into the braind of healthy Sprague-Dawley 
rats using CED as follows. The animals were put under deep 
isoflurane anesthesia, a Sagittal incision was made through 
the skin to expose the cranium, and a burr hole was made in 
the skull 0.5 mm anterior and 3 mm lateral to the bregma with 
a small dental drill. Infusions were performed at a depth of 4.5 
mm from the brain Surface, via an infusion cannula connected 
to a Hamilton syringe (Hamilton, Reno, Nev.) attached to a 
rate-controllable microinfusion pump (Bioanalytical Sys 
tems, Lafayette, Ind.). An ascending schedule of infusion 
rates was utilized to achieve a total volume of 20 ul (0.2 
ul/min for 15 min, 0.5 l/min for 10 min, 0.8 ul/min for 15 
min). After infusion, the cannula was removed and the wound 
closed with sutures. The rats were euthanized at various times 
post infusion, the brains were perfudes with physiological 
saline, removed, the hemisphere receiving drug was homog 
enized and analyzed for topotecan using HPLC. The pharma 
cokinetic parameters were determined from the plots oftopo 
tecan brain tissue concentration vs. time post infusion, using 
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the PK Solutions 2.0 computer software (Summit Research 
Services; Montrose, Colo.). Analysis of the brain tissue 
revealed a dramatic improvement in brain retention of topo 
tecan when administered as a stable liposomal formulation as 
compared to the unencapsulated TPT as shown in the Table 41 
below. The liposomal formulation extends the residence time 
oftopotecan to the degree where it can be detected as long as 
7 days post CED, whereas free TPT is completely cleared 
within 1 day. The liposomally encapsulated topotecan 
showed 21-fold increase in MRT compared to the drigadmin 
istered as a solution. 

TABLE 41 

Brain pharmacokinetics of free and liposomal TPT 
administered at 0.5 mg ml by CED. 

Parameter t12 (d) AUCoo (1g : dg) CL (gd) MRT (d) 

free TPT O.10 2.8 3.6 O.10 
LS-TPT 1.5 69.1 O.145 2.1 

Abbteviations: 

AUC, area under the time-concentration curve; 
CL, tissue clearance; 
MRT, mean residence time. 

Example 76 

Therapeutic Efficacy of Liposomal Topotecan 
Against Intracranial Glioma Xenografts Following 

CED Delivery in Rats 

Therapeutic efficacy of liposomal topotecan against intrac 
ranial tumors was studied using two well-established 
Xenograft intracranial glioblasoma tumor Xenograft models, 
U87MG and U251MG. Twenty one athymic rats received the 
implantation of U87MG tumor cells (5x10 cells/10 ul 
HBSS) into their right striatum and were divided randomly 
into three groups. Under deep isofluorane anesthesia, rats 
were placed in a small-animal stereotaxic frame (David Kopf 
Instruments, Tujunga, Calif.). A Sagittal incision was made 
through the skin to expose the cranium, and a burr hole was 
made in the skull at 0.5 mm anterior and 3 mm lateral from the 
bregma using a small dental drill. A 5ul cell Suspension was 
injected at a depth of 4.5 mm from the surface of the brain. 
After 2 min, another 5 ul was injected at a depth of 4 mm. 
After an additional 2 min, the needle was removed and the 
wound was closed with Sutures. 
The effects of free topotecan or liposomal topotecan 

administered with CED were evaluated using the U87MG 
tumor model with CED infusions (20 ul) of nondrug loaded 
liposomes (control) (n=7, dotted line), free topotecan (0.5 
mg/ml, n=7, dashed line), or liposomal topotecan (0.5 mg/ml 
topotecan, n=7, solid line) performed 7 days after tumor 
implantation (/3 of average life span) (FIG. 48A). Liposomal 
topotecan was prepared as described in Example 18 at a 
TPT-to-PL ratio of 350 g TPT/mol PL. The effect of liposo 
mal topotecan on larger tumors was also assessed treating the 
same tumor model. Drug-free fluorescent liposomes (n=6, 
dotted line) or liposomal topotecan (0.5 mg/ml topotecan, 
n=6, solid line) were infused by CED 12 days after tumor 
implantation (FIG. 48B). Finally, the efficacy of liposomal 
topotecan was also evaluated in the U251MG intracranial 
xenografted tumor model by CED infusion of control lipo 
Somes (n-6, dotted line) or liposomal topotecan (0.5 mg/ml 
topotecan, n-6, Solid line), and was performed 14 days after 
tumor implantation (/3 of average life span) (FIG. 48C). All 
control rats and rats treated with free TPT developed neuro 



US 8,658,203 B2 
99 

logical symptoms around day 17-26 due to large intracranial 
tumors that were confirmed by histology. Although free topo 
tecan demonstrated no survival benefits at this low dose 
(p=0.78), liposomal topotecan at the same drug dose exerted 
a strong anti-tumor effect, and 6 out of 7 rats survived to the 
study termination point of 100 days, with no histological 
evidence of a tumor (p=0.0002, FIG. 48A). Since the effect of 
free topotecan at this low dose (0.5 mg/ml, 20 ul) was com 
pletely suboptimal, we focused on the efficacy of liposomal 
topotecan in the following studies. 
To evaluate the treatment of larger tumors, the U87MG intrac 
ranial model was developed in 12 rats. However, in this 
experiment CED was performed 12 days after tumor implan 
tation (FIG. 48B). Treatment groups included a 20 ul infusion 
of controlliposomes (n-6) or 0.5 mg/ml liposomal topotecan 
(n-6). Previous experiments showed that a U87 xenograft 
tumor at day 12 is not entirely covered by a 20 Jul infusion of 
liposomes. Though significant Survival benefit was observed 
in this study (p=0.0015, FIG. 48B), the response was not as 20 
pronounced as in Smaller tumors, which are completely 
encompassed by the infused therapeutic. Therefore, to 
achieve proper coverage of the tumor, there is the need for 
guided and image-monitored administration of the liposomal 
drug. An intracranial tumor model with U251MG tumor cells 
was also developed with 12 athymic rats. Fourteen days (al 
most /3 of the life span of this tumor model) after tumor 
implantation, 6 rats received controlliposomes, and the other 
6 rats received liposomal topotecan (0.5 mg/ml topotecan, 20 
ul). Again, liposomal topotecan demonstrated significant Sur 
vival benefit (p=0.0005, FIG. 48C). 

Example 77 

Pharmacokinetics of Irinotecan in a Liposomally 
Encapsulated and Free (Solution) Form Delivered by 

CED in the Brain Tissue of the Rats 

Liposomes loaded withirinotecan (CPT-11) were prepared 
according to Example 68, yielding a final diameter of 95-110 
nm, and the drug/lipid ratio of about 500 mg/mmol phospho 
lipid. The liposomes (LS-CPT-11) were concentrated on a 
stirred cell concentrator (Amicon, Millipore Corp, Billerica, 
Mass.) to the CPT-11 potency of 3 mg/mL, 40 mg/mL, and 80 
mg/mL, and sterilized by passage through 0.2 Lum polyether 
sulfone syringe filter. Free CPT-11 (as a hydrochloride trihy 
drate salt) was freshly dissolved in isotonic (5%) aqueous 
dextrose at 3 mg/ml, and filter-sterilized. The liposomal and 
free drug formulatons were delivered into the breain of 
healthy rats, the animals were euthanized, their brain tissues 
excised, analyzed, and and the tissue pharmacokinetic data 
were determined as in Example 75. A similar study was 
performed with the immunodeficient rats bearing intracranial 
xenografts of human glioma (U87M), where the drug was 
administered into the tumor by CED according to the method 
of Example 76. At various times post infusion the animals 
were euthanized, the tumor tissue was excised, analyzed for 
the irinotecan contents, and pharmacokinetic parameters of 
irinotecan in the tumor tissue were determined as in Example 
75. As seen from the following table (Table 42), the mean 
residence time of the liposomal drug in the healthy brain was 
at comparable infusate concentration (3 mg/mL) 24 times 
higher than tha of the free (dissolved) drug. Surprisingly, the 
mean residence time of the drug in the tumor tisse, at equal 
drug concentration in the infusate, was 4 times higher than in 
the normal brain. 

100 
TABLE 42 

Pharmacokinetics ofirinotecan (CPT-11) formulations 
administered by CED into the normal brain tissue and 

into the brain neoplastic tissue. 

Normal brain 

CLS 
Drug, concentration t, (d) AUCoof (ug d/g) (g/d) MRT; (d) 

1O 3mg/ml freeCPT-11 (0.3 16.4 3.6 0.4 
3mg/mlLS-CPT-11 6.7 417 O.14 9.6 

40mg/mlLS-CPT-11 10.7 13723 O.OS8 15.4 
80mg/mlLS-CPT-11 19.7 26823 O.O6 28.5 

U87 Brain tumor 

15 
CL 

Drug, concentration t12 (d) AUCoo (g dig) (g/dkg) MRT (d) 

40 mg/ml LS-CPT-11 43.O 40315 O.O2 62.O 

For abbreviations - see Table 41 
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Toxicity of Irinotecan in Free and Liposomal 
(LS-CPT11) Form Following CED Delivery into the 

Brain of Rats 

Ls-CPT-11 was prepared and the CED procedure used 
were described in Example 68. To evaluate toxicity, healthy 
rats received a single infusion of free, i.e., dissolved, or LS 
CPT-11 via CED. Rats were monitored daily for general 
health and body weight. Rats were euthanized 60 days after 
CED treatments, and their brains were harvested, sectioned 
and stained for standard pathology xamination. Free CPT-11 
(60 ug or 0.4 mg) or LS-CPT-11 (infisate concentrations of 
0.06, 0.4,0.8, and 1.6 mg) were administered via a single 20 
ul CED infusion into normal adult rat brains as described in 
Example 75. In animals receiving CED of free CPT-11 at 60 
ug, brain tissue contained evidence of minor trauma at the site 
of the infusion cannula (arrows) in the striatum, but otherwise 
no apparent tissue toxicity. However, all animals that received 
free CPT-11 at 0.4 mg/rat were observed to have extensive 
tissue necrosis within the CNS. In contrast, animals receiving 
nanoliposomal CPT-11 at all doses tested showed no evidence 
of CNS toxicity, and the only finding was minor trauma at the 
infusion cannula site. 

No systemic toxicities, including weight loss or diarrhea, 
were observed following CED of any of the treatments. Fur 
thermore, no gross neurologic or behavioral changes were 
noted post-treatment. Indeed, no dose-limiting toxicities for 
nanoliposomal CPT-11 were identified up to 1.6 mg/rat in a 
single 0.02 mL infusion, which represented the highest dose 
achieved without further concentrationg the liposomal 
sample. Higher doses were precluded by formulation viscos 
ity at concentrations >80 mg/ml, although, Surprisingly, the 
80 mg/mL liposomal CPT-11 formulation was stable and 
injectable, despite the concentration of the drug being four 
fold greater than the aqueous solubility of CPT-11 in a non 
encapsulated form. Taken together, these data indicated that 
nanoliposomal CPT-11 greatly extended the tissue tolerance 
and MTD of the drug; while the highest tolerable dose of free 
CPT-11 was 60 ug/infusion, that for nanoliposomal CPT-11 
was at least 1.6 mg/infusion. 
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Example 79 

Therapeutic Efficacy of Liposomal Iriontecan 
Against Intracranial Tumors Following CED 

Delivery in Rats 

Liposomal CPT-11 was prepared as described in Examples 
11 and 68. Intracranial xenografts of human glioma U87MG 
and U251MG were established in immunodeficient rats ant 
treated with CED of the free and liposomal CPT-11 according 
to the methods of Example 76. Five days after tumor implan 
tation, a single CED infusion of 20ll was performed using the 
treatment conditions as marked on FIG. 49. The studies in 
U251MG were terminated 100 days after tumor implantation, 
and the U87MG survival study was terminated 70 days after 
tumor implantation. The rats were monitored daily for gen 
eral health and body weight. The rats with observed neuro 
logical symptoms indicative of tumor progression were 
humanely euthanized. Results, as the '% Surviving animals vs. 
time, anr presented on FIG. 49. Histopathologic evaluation of 
brain tissue was performed in all animals at death or post 
study sacrifice. Of the 10 animals surviving to study end at 
day 100, which only occurred within the groups receiving 
nanoliposomal CPT-11 at 0.06, 0.4,0.8, and 1.6 mg/rat, only 
1 rat (0.8 mg/rat) showed histologic evidence of residual brain 
tumor. Thus, LS-CPT-11, due to its significantly lower tox 
icity and increased persistence in the brain tissue, afforded 
higher doses of the drug and better treatment outcomes. 

Example 80 

Preparation of Liposomal Gadoteridol 

MRI imageable detectablke marker (Gd-HP-DO3A, 
gadoteridol) was encapsulated into liposomes composed of 
1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), choles 
terol, and 1,2-distearoyl-sn-glycero-3-phosphoethanola 
mine-N-methoxy(polyethylene glycol)-2000 (PEG-DSPE) 
taken at a molar ratio of 3:2:0.015. The lipids were dissolved 
in chloroform/methanol (90:10, vol/vol), and then the solvent 
was removed by rotary evaporation, resulting in a dried lipid 
foam, which was hydrated with commercial United States 
Pharmacopoeia solution of 0.5 M Gadoteridol (10-(2-hy 
droxy-propyl)-1,4,7,10-tetraazacyclododecane-1,4,7-triace 
tic acid (Prohance: Bracco Diagnostics, Princeton, N.J.) by 6 
successive cycles of freezing (-80°C.) and thawing (60°C.). 
Unilamellar liposomes were formed by extrusion (Lipex; 
Northern Lipids, Vancouver, Canada) with 15 passes through 
double-stacked polycarbonate membranes (Whatman Nucle 
opore, Clifton, N.J.) with a pore size of 100 nm, resulting in a 
liposome diameter of 80-110 nm as determined by quasi 
elastic light scattering. Unencapsulated Gadoteridol was 
removed by size exclusion chromatography on a Sephadex 
G-75 (Sigma, St. Louis, Mo.) column eluted with HEPES 
buffered saline (5 mM HEPES, 135 mM NaCl, pH 6.5, 
adjusted with NaOH). The amount of encapsulated gadoteri 
dol was determined by NMR relaxometry afre lysis of the 
liposome sample using Triton X-100. 

Example 81 

Co-infusion of Liposomal Fluorescent Marker and 
Liposomal Gadoteridol by CED into the Brain of the 

Nonhuman Primate: Evaluation of Distribution 

A composition containing liposomal Gadoteridol, pre 
pared according to Example 80 above, and liposomally 
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entrapped lipophilc fluorescent marker DiI (3) Cis-DS, pre 
pared as desribed by Saito et al., 2005, Experimental Neurol 
ogy, Vol. 196, p. 381-389 was administered via CED to the 
brain of nin-human primates. Animals received intracranial 
infusions in various reguons of the brain via CED as follows. 
Cynomolgus monkeys (n=2,3-5 kg) received a baseline MRI 
scan and underwent neurosurgical procedures to position 
MRI-compatible guide cannula in the corona radiata, 
putameri and brain stem. Each customized cannula were cut 
to specified lengths and stereotactically guided through burr 
holes created in the skull to each target. The guide was 
secured to the skull using dental acrylic and the top of the 
guide cannula assembly was capped with a stylet screw for 
simple access during the infusion procedure. A few weeks 
following surgical recovery, CED procedures were per 
formed (as described previously) to infuse Gd/liposomes into 
each target site during MRI procedures. Briefly, under isof 
lurane anesthesia, the animals head was placed in an MRI 
compatible stereotaxic frame and a baseline (i.e. pre-infu 
sion) MRI scan was performed. Vital signs including heart 
rate and PO were monitored during the procedure. Using 
asceptic techniques, three non-ferromagnetic needle cannula 
(connected to micro-infusion pumps) were introduced into 
the brain using the implanted guides. The length of each 
infusion cannula was measured to ensure that the distal tip 
extended approximately 3–4 mm beyond the length of the 
respective guide. The net result created a “step design at the 
tip of the cannula to maximize fluid distribution during CED 
procedures. Following secure placement of the needle can 
nula, the animals head was repositioned in the gantry and 
CED procedures were initiated while MRI was continuously 
acquired. An initial infusion rate of 0.2 l/min was applied 
and increased at 10-minute intervals to a maximum of 1.5 
ul/min. as previously described. The total infusion volume for 
the corona radiata putamen was 99 ul while the brain stem 
received 66 ul. The total infusion time ranged between 70 
minutes (to deliver 66 ul) and 90 minutes (to deliver 99 ul). 
Following completion of the CED/MRI procedure, each 
needle cannula was removed from the brain and the respective 
guide cannula entry site was cleansed with alcohol. The ani 
mal was removed from the MRI scanner and monitored for 
full recovery from anesthesia. During the first infusion each 
animal received Gd/liposomes, which was monitored using 
MRI. 1 i-weighted images of the primates’ brains were 
acquired on a 1.5 Tesla Signa LX scanner (GE Medical Sys 
tems, Waukesha, Wis.) using a 5" surface coil. Prior to insert 
ing infusion catheters, baseline spoiled gradient echo (SPGR) 
images were taken: repetition time (TR)/echo time (TE)/flip 
angle-28 ms/8 ms/40, number of excitations (NEX)=4, 
matrix=256x192, field of view (FOV)=16 cmx12 cm, slice 
thickness-1 mm. Following necropsy, animals’ brains were 
sectioned using cryostat. Sequential sections with 40 um 
thickness and 400 um interval were obtained. Fluorescence 
generated from rhodamine was visualized using ultra-violet 
light source and a charged-coupled device camera with fixed 
aperture was used to capture the image. The animal was 
euthanized immediately following the MR imaging and pro 
cessed for histological detection of fluorescence generated 
from the rhodamine/liposomes that was co-infused with 
Gd/liposomes. When co-registered with the MR image, the 
fluorescent area completely overlapped with liposome distri 
bution detected by MRI (FIG. 50). 

Example 82 

Therapy of a Spontaneous Brain Umor in a Dig 
Using Co-infusion of the Liposomal Irinotecan and 
Liposomeal Gadoteridol by the Image-guided CED 

Ls-CPT11 was prepared as described in described in 
Examples 11 and 68. Ls-Gd was prepared as described in 
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Example 80. To form the image-guided therapeutic mixture 
liposomal gadoteridol consisting of 20 nM gadoteridol (30 
mM liposomal phospholipid, osmolality of 276 mmol/kg, pH 
6.9 and size of 108-19 nm) and liposomal CPT-11 at a con 
centration of 50 mg/ml CPT-11.HCl (73.8 mM liposomal 
phospholipid, osmolality of 276 mmol/kg, pH 7.0 and size of 
112t16 mm). A pet terrier dog with an astrocytoma tumor in 
the brain was treated using CED infusion of the liposomal 
CPT11-liposomal gadoteridol formulation. The mixture of 1 
part liposomal gadolinium with 9 parts liposomal CPT-11 
resulting in a final CPT-11 concentration of 45 mg/ml and a 
final gadoteridol concentration of 2.0 mM, was administered 
via CED into the tumor area under the MRI monitoring to 
achieve maximum tumor coverage. The treatment was 
repeated three times, eac time the Volume of tumor coverage 
by the infused formulation was calculated by comparison of 
the pre- and post-infusion MRI. The tumor size was moni 
tored periodically by MRI over the course of the treatment. 
The tumor coverage with liposomal therapeutic/imaging 
mixture was calculated in terms of percent Volume and was as 
follows: CED1, 10.6%; CED 2, 23.6%; CED3, 50.9% (FIG. 
51). The efficacy of liposomal CPT-11 is demonstrated by the 
reduction in tumor size following treatment. The results indi 
cate that increased tumor coverage, as demonstrated with the 
image-guided liposomal therapy, improves tumor regression. 
In particular, tumor coverage of 50.9% (CED3) resulted in a 
dramatic reduction in tumor to an almost undetectable size. 

Unless indicated otherwise, the analytical data are pre 
sented as the meanistandard error of triplicate runs. The rat 
plasma pharmacokinetic data are the meantstandard error of 
duplicate runs. 

Although the invention has been described with reference 
to the presently preferred embodiment, it should be under 
stood that various modifications can be made without depart 
ing from the spirit of the invention. Accordingly, the scope of 
the invention should be determined with reference to the 
appended claims, along with the full scope of equivalents to 
which such claims are entitled. The disclosures of all cited 
articles and references, including patent applications and 
publications, are incorporated herein by reference for all pur 
poses. 
What is claimed is: 
1. A method for treating a brain tumor in a mammal, the 

method comprising: 
(a) providing a liposomal formulation comprising lipo 

Somes in a medium, the liposomes having an interior 
aqueous space separated from the medium by a mem 
brane, the membrane comprising lipids, the lipids com 
prising an uncharged lipid component and a neutral 
phospholipid, with, entrapped inside the liposomes: 
1) irinotecan and Sucrose octasulfate, or 
2) irinotecan and Sucrose octasulfate and a substituted 
ammonium compound, or 

3) irinotecan and inositol hexaphosphate, or 
4) irinotecan and inositol hexaphosphate and a Substi 

tuted ammonium compound, 
wherein the irinotecan entrapped inside the liposomes is 

at a concentration that exceeds the irinotecan concen 
tration in the medium; and 

(b) administering the liposomal formulation to the mam 
mal via a conduit placed into the brain tissue of the 
mammal. 

2. The method of claim 1, wherein the 
1) irinotecan and Sucrose octasulfate, or 
2) irinotecan and Sucrose octasulfate and a substituted 
ammonium compound, or 

3) irinotecan and inositol hexaphosphate, or 
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4) irinotecan and inositol hexaphosphate and a substituted 
ammonium compound, is 

1) irinotecan and Sucrose octasulfate, or 
2) irinotecan and Sucrose octasulfate and a substituted 
ammonium compound. 

3. The method of claim 1, wherein the irinotecan entrapped 
inside the liposomes of the liposomal formulation is at 500 
g/mol phospholipid. 

4. The method of claim 1, wherein molar ratio ofirinotecan 
to the totality of the lipids is at least 1.0. 

5. The method of claim 1, wherein the membrane further 
comprises a polymer-conjugated lipid. 

6. The method of claim 1, wherein the liposomal formula 
tion is a fluid pharmaceutical formulation for parenteral 
administration. 

7. The method of claim 1, wherein the conduit comprises a 
catheter, a wick, a tubing, a capillary, a needle, or a cannula. 

8. The method of claim 1, wherein the substituted ammo 
nium compound has formula: 

wherein N is a an ammonium nitrogen atom of a first ammo 
nium group, each of R. R. R. R. is independently a hydro 
gen atom or an organic group having each independently not 
more than 8 carbon atoms, and in totality not more than 18 
carbonatoms inclusive, wherein at least one of R. R. R. R. 
is an organic group; wherein the organic group is indepen 
dently alkyl, alkylidene, heterocyclic alkyl, cycloalkyl, aryl, 
alkenyl, cyclo- alkenyl, or a hydroxy-substituted derivative 
thereof, optionally including S, O, or N atoms forming an 
ether, ester, thioether, amine, or amide bond; and wherein at 
least three of R. R. R. Rare the organic groups; or at least 
one of the organic groups has a secondary or tertiary carbon 
atom directly linked to the ammonium nitrogen atom. 

9. The method of claim 8, wherein the substituted ammo 
nium compound is selected from the group consisting of 
isopropylethylammonium, isopropylmethyl-ammonium, 
diisopropylammonium, tert-butylethylammonium, dicyclo 
hexylammonium, morpholinium, pyridinium, piperidinium, 
pyrrolidinium, piperazinium, tert-butylammonium, 2-ammo 
nio-2-methylpropano1-1,2-ammonio-2-methyl-propandiol 
1,3-tris-(hydroxyethyl)-arnmoniomethane, N,N'-diethyl 
ethanolammonium, N,N',N'-tris-(2-hydroxyethy) 
ammonium, N,N'-bis-(2-hydroxyethyl)ethyl ammonium, 
trimethyl-ammonium, triethylammonium, diethylmethylam 
monium, diisopropylethylammonium, triisopropylammo 
nium, N-methylmorpholinium, 1-(2-hydroxyethyl)piperi 
dinium, 1 methylpyrrolidinium, 1,4-dimethylpiperazinium, 
tetramethylammonium, tetraethyl-5ammonium, and tetrabu 
tylammonium. 

10. The method of claim 9, wherein the substituted ammo 
nium compound is triethylammonium. 

11. The method of claim 2, wherein at least 95% of irino 
tecan remains inside the liposomes after 6 months at 2-8°C. 

12. The method of claim 1, wherein when said irinotecan 
formulation is administered into the bloodstream of a mam 
mal, said irinotecan has a half-release time from said lipo 
Somes of at least 24 hours. 

13. The method of claim 2, wherein when said irinotecan 
formulation is administered into the bloodstream of a mam 
mal, said irinotecan has a half-release time from said lipo 
somes of at least 48 hours. 

14. The method of claim 2 wherein the liposomes of said 
liposomal irinotecan formulation provide better drug reten 
tion following intravenous administration in mice than lipo 
Somes of a preparation of liposomes with 
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a) entrapped irinotecan and entrapped inositol hexaphos 
phate, or 

b) entrapped irinotecan, entrapped inositol hexaphosphate 
and an entrapped Substituted ammonium compound. 

15. The method of claim 1, wherein the brain tumor is 5 
neoplastic and the liposomal formulation is administered in 
an amount effective to inhibit the growth of the brain tumor. 

16. The method of claim 15, wherein the liposomal formu 
lation is administered into, or near, the neoplastic brain tumor. 

17. The method of claim 16, wherein the administration is 10 
by convection enhanced delivery. 

18. The method of claim 17, wherein the convection 
enhanced delivery is image-guided convection enhanced 
delivery. 

19. The method of claim 17, wherein the brain tumor is a 15 
glioma. 

20. The method of claim 19, wherein the glioma is an 
astrocytoma. 

21. The method of claim 17 wherein brain tumor is human 
brain cancer and the brain tissue is in the brain of a human 20 
patient. 

22. The method of claim 17 wherein said administering of 
said liposomal formulation comprises administering of a 
detectable marker. 

25 

106 


